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Section  1 


INTRODUCTION 

The  Naval  Civil  Engineering  Laboratory  (NCEL)  at  Port  Huenene, 

California,  is  developing  data  and  computational  tools  for  calculating 
the  coat  of  converting  shore  station  heating  and  power  generation 
facilities  froa  high-priced  oil  and  natural  gas  to  lower-priced  coal. 

This  report  describes  the  work  performed  by  Bechtel  Group,  Inc.  to 
support  these  NCEL  efforts,  in  Phase  I  of  Navy  Contract  N62474-82-C-8290 
with  NCEL,  entitled,  "Engineering  Services  for  Coal  Conversion 
Guidance."  This  contract  is  a  15-month  effort  with  three  concurrent 
phases. 

The  Phase  I  work  included  definition  of  a  methodology  for  calculating 
coal  facility  life  cycle  costs  using  commercial  economic  methods,  as  well 
as  the  economic  methods  customarily  used  by  the  Navy.  It  also  included 
preparation  of  a  computer  program  to  permit  converting  from  one  of  the 
forms  of  economic  analysis  into  the  other.  Results  of  these  analyses  may 
be  used  by  the  Navy  as  economics  input  to  decisions  on  shore  station 
heating  plant  projects. 

The  Phase  II  work  included  development  of  a  data  base  on  the  cost  and 
performance  of  burning  coal-water  mixtures  and  coal-oil  mixtures  in 
coal-capable  retrofitted  boilers,  and  incorporation  of  this  information 
in  a  computer  program.  This  program  calculates  component  and  total  costs 
of  steam  and  power  generation  facilities  for  a  Navy  base  of  arbitrary 
configuration,  under  a  variety  of  user-chosen  assumptions.  The  program 
calculates  life  cycle  costs  under  commercial  as  well  as  Navy  economic 
assumptions.  The  program  includes  data  prepared  for  NCEL  on  previous 
studies  and  the  new  data  generated  in  the  Phase  II  work. 


The  Phase  III  work  included  updating  a  previous  study  for  NCEL,  which 
coopered  a  variety  of  coal  conversion  technologies  under  several  degrees 
of  steaa  plant  decentralisation,  and  preparation  of  a  computer  program  to 
Pr***®t  the  technology  comparisons  under  a  variety  of  user~chosen 
assumptions.  The  program  includes  the  capability  of  calculating  life 
cycle  costs  using  Navy  or  commercial  economics.  The  Phase  III  data 
includes  costs  for  converting  coal  to  gaseous  and  liquid  fuels  developed 
in  prior  studies  for  NCEL. 

The  computer  programs  for  the  three  phases  were  adapted  from  a  computer 
program  prepared  previously  for  NCEL.  There  is  a  separate  report  for 
each  phase  of  the  contract,  and  a  separate  user's  manual  for  the  computer 
program  developed  in  each  phase. 

1. 1  OBJECTIVES 

The  objectives  of  the  Phase  I  effort  were  to: 

e  Formulate  a  coal-use  economics  methodology  that 
calculates  financial  statistics  using  both  Navy  and 
commercial  financial  assumptions 

e  Prepare  the  Phase  I  computer  program  to  automate  the 
coal-use  economics  methodology 

1.2  TECHNICAL  APPROACH 

Formulation  of  the  coal— use  economics  methodology  included  the  following 
steps : 

e  Establishment  of  methodology  requirements 

e  Selection  of  analysis  methods 

e  Structuring  of  the  calculation  procedures 

e  Preparation  of  calculation  algorithms 

The  methodology  is  to  have  the  following  capabilities: 

e  Calculation  of  life  cycle  costs  in  both  startup  year 
dollars  and  dollara  of  some  other  "display"  year 


•  Calculation  of  cost  savings  when  oil  or  gas,  burned  in 
existing  boilers,  is  replaced  with  coal 

•  Calculation  of  costs  using  both  Navy  and  commercial 
financial  assumptions  in  the  same  runs  so  results  can 
be  compared 

•  Accoanodation  of  the  following  economic  scenarios: 

Navy  financed  and  operated 
third-party  financed  and  Navy  operated 
privately  financed  and  operated 
-  nonprofit  entity  financed  and  operated 

•  Inclusion  of  general  inflation  and  differential 
inflation  for  purchased  energy,  such  as  electricity, 
coal,  natural  gas,  fuel  oil,  and  steam  - 

a  Provision  to  use  various  capital  structures, 
depreciation  rates,  and  tax  rates 

After  establishment  of  the  above  requirements,  the  following  analysis 
methods  were  selected: 

a  Present  value  analyses  were  made  the  basis  for  all 
calculations. 

a  Inflation  factors  were  introduced,  and  the  relationship 
between  current  (inflating)  dollars  and  constant  (real) 
dollars  was  defined. 

a  Life  cycle  costs  were  converted  to  Navy  level ired  costs 
and  commercial  minimum  revenue  requirements. 

a  Comparisons  with  a  base  case  of  oil  or  gas  consumption 
were  calculated  on  a  year-by-year  basis  by  discounting 
Navy  savings  and  coomercial  after-tax  cash  flows. 


The  calculation  procedures  were  then  structured  into  logically  discrete 
routines,  and  calculation  algorithms  for  all  routines  were  prepared. 


Following  formulation  of  the  methodology,  the  Phase  I  computer  program 
was  prepared.  The  program  structure  was  adapted  from  the  already 
existing  NCEL  computer  program  in  the  following  manner: 


•  Input  interpretation  routine*  were  retained  and  uaer 
input  recognition  and  echo  routines  were  prepared. 

•  A  routine  was  built  to  reformulate  input  project  costs 
to  allow  the  user  to  select  the  desired  pear  and  cost 

basis. 

•  The  existing  program's  Navy  economics  routine  was 
updated  and  two  additional  Navy  economics  routines  were 
prepared . 

•  Routines  were  added  to  calculate  investor  cash  flows 
during  construction  and  operating  periods  and  to 
calculate  commercial  minimum  revenue  requirements. 

•  Summary  routines  were  prepared. 

Upon  completion,  program  results  were  verified  by  comparison  with  hand 
calculations  for  the  various  program  options. 

The  Phase  1  work  used  a  number  of  Navy  documents  as  references: 

References  1-1  through  1-4  describe  the  Navy  economics  methodology 
incorporated  in  the  coal-use  economics  methodology.  Reference  1-5  gives 
Navy  recommended  differential  inflation  rates  used  in  this  report  to 
generate  the  technology  cost  comparisons.  Reference  1-6  describes  the 
existing  NCEL  computer  program  which  was  used  in  the  construction  of  the 
Phase  1  computer  program. 

1.3  REPORT  ORGANIZATION 

Section  2  summarises  the  results  of  the  Phase  1  efforts  resulting  in  the 
coal-use  economics  methodology  and  its  embodiment  in  the  Phase  I  computer 
program.  Section  3  presents  the  coal-use  economics  methodology.  Section 
4  describes  automation  of  the  methodology  in  the  Phase  I  computer 
program.  It  describes  the  reports  generated  by  the  methodology  for  Navy, 
third  party /Navy,  and  all  private  ventures,  and  the  summary  reports 
comparing  Navy  and  commercial  economic  scenarios.  Section  5  describes 
use  of  the  methodology  for  projects  undertaken  by  nonprofit  and 
governmental  entities. 


Section  2 


maun 

This  section  sums rises  the  results  of  the  Phese  1  efforts  to  develop  e 
coal-use  economics  methodology  end  its  embodiment  in  the  Phese  I  computer 
program. 


2.1  THE  COAL-USE  ECONOMICS  METHODOLOGY 

The  coal-use  economics  methodology  has  been  constructed  as  a  versatile 
tool  to  display  side  by  side  the  results  of  economic  analyses  with 
different  economic  scenarios.  The  methodology  has  the  following 
capabilities: 

a  Economic  analyses  using  both  Navy  and  commercial 
financial  assumptions 

a  Determination  of  seven  commonly  recognised  financial 
statistics 

a  Treatment  of  three  venture  structures 

a  Statistics  in  both  startup  year  and  display  year  dollars 

a  Economic  comparisons  of  coal  use  with  the  use  of  fuel 
oil  or  natural  gas 


2.1.1  Navy  and  Commercial.  Economics 

The  methodology  includes  both  Navy  and  conarcial  economic  analyses. 
Similarities  between  the  two  analyses  are  that: 

a  Both  are  based  upon  computation  of  project  present 
values,  using  discount  rates  chosen  by  the  user. 


a  Both  aim  to  produce  capital  charge  rates  typical  of 
those  encountered  in  the  private  sector. 


The  two  analyses  differ  principally  in  the  way  they  take  into  account 
corporate  income  taxes  paid  by  the  private  sector: 


•  The  Navy  economic  analysis  achieves  the  reality  of 
private  sector  capital  charges  by  using  e  discount  rate 
that  is  an  average  of  corporate  gross  profit  rates 
since  World  War  II.  This  discount  rate  includes  both 
the  cost  of  return  to  investors  and  an  allowance  for 
the  cost  of  private  sector  corporate  income  taxes. 

Since  the  Revy  pays  no  incone  taxes,  they  are  not 
explicitly  calculated. 

•  The  coaercial  economic  analysis  uses  a  discount  rate 
that  contains  only  return  to  investors.  This  discount 
rate  produces  a  capital  charge  tern  that  contains  only 
return  to  investors.  To  obtain  a  total  capital  charge, 
a  tern  is  added  for  capitalising  the  corporate  income 
taxes,  calculated  under  present  or  previous  tax  laws 
for  depreciation  and  investment  credits. 


2.1.2  Financial  Statistics 

The  coelome  economics  methodology  operates  on  project  costs  (capital  and 
operating  costs)  to  produce  seven  cnnmnnly  recognised  financial 
statistics  for  comparing  energy  project  life  cycle  costs.  These 
statistics  are: 

o  Present  value 

o  Unit  present  value 

e  Levelised  cost 

e  Unit  levelised  cost 

o  Savings /investment  ratio 

e  Discounted  payback  period 

o  Simple  payback  period 

All  seven  statistics  are  calculated  for  conacre ial  economics.  Only  the 
first  six  are  calculated  for  Revy  economics.  For  both  Revy  and 
connercial  economics,  the  levelised  costs  and  unit  levelised  costs  are 
calculated  in  constant  (real)  dollars.  Unit  levelised  costs  in  constant 
dollars  per  million  Btu  can  be  validly  compared  with  current  purchased 
energy  prices. 


2.1.3  venture  Structures 

The  methodology  treats  the  following  three  venture  structures: 

•  Structure  1  -  Navy  financing /Navy  operation 

•  Structure  2  -  Third  party  f inane ing/Navy  operation 

•  Structure  3  -  Third  party  financing/ third  party 
operation  (all  private) 

Statistics  for  Structure  1  are  calculated  with  Navy  economics  only. 
Statistics  for  Structure  2  are  calculated  using  Navy  economics,  except 
for  lease  payments,  which  are  determined  by  conmercial  economics. 
Statistics  for  Structure  3  are  calculated  entirely  with  commercial 
economics.  Structure  3  can  also  be  used  for  nonprofit 
organizationeprojects  by  ignoring  taxes. 

2.1.4  Startup  Year  Versus  Display  Year  Dollars 

The  financial  statistics  are  presented  in  both  plant  startup  year  dollars 
and  dollars  of  an  arbitrary  year  selected  by  the  user,  called  the  display 
year.  Purchased  energy  price  input  data  are  entered  in  display  year 
dollars. 

2.1.5  Comparisons  with  Use  of  Oil  or  Gas 

The  methodology  includes  analyses  of  both  the  costs  and  economic  benefits 
of  displacing  fuel  oil  or  natural  gas  by  a  new  coal-use  project.  The 
comparison  analyses  calculate  three  financial  statistics:  the 
savings/ investment  ratio,  the  discounted  payback  period,  and  the  simple 
payback  period. 

2.2  THE  PHASE  I  COMPUTER  PROGRAM 

The  Phase  1  computer  program,  entitled  "GOALR  -  Coal  Conversion  Cost 
Reformulation  Program,"  includes  the  entire  coal-use  economics 
methodology  described  above.  The  program  operates  on  project  costs, 
which  are  input  by  the  user,  and  the  output  is  reformulated  to  the  user's 
choice  of  display  year  and  cost  basis. 


Figure  2-1  names  Che  14  possible  reports  generated  by  the  Phase  I 
prograa.  The  Navy  f inanced/Navy  operated  venture  option  is  reported  for 
all  runs.  The  other  reports  generated  in  a  given  run  depend  on  the 
user-selected  comercial  venture  option  (third  party  financed  or  all 
private). 

Table  2-1  coapares  Navy  and  coaaercial  financial  statistics  froa  a 
typical  run  of  the  Phase  1  computer  prograa.  The  results  show  that  the 
Navy  and  coaaercial  analyses  produce  levelised  costs  of  coaparable 
magnitude. 

In  suasary,  the  coal-use  econoaics  Methodology  and  the  computer  program 
COALR  constitute  a  versatile  analytical  tool  for  comparing  the  econoaic 
viability  of  options  to  supply  steaa  at  Navy  shore  bases.  The  program 
also  served  as  a  basis  for  the  programs  in  Phases  II  and  III  of  this 
contract. 


NAVY  FINANCED/NAVY  OPERATED  VENTURE 


THIRD  PARTY  FINANCED/NAVY  OPERATED  VENTURE 


REPORT  6 

INVESTOR  CASH 
FLOWS  DURING 
CONSTRUCTION 
PERIOD 


REPORT  7 

INVESTOR  CASH 
FLOWS  DURING 
OPERATING 
PERIOD 


REPORT  8 

NAVY  CASH 
FLOWS  DURING 
OPERATING 
PERIOD 


THIRD  PARTY  FINANCED/THIRD  PARTY  OPERATED  (ALL  PRIVATE)  VENTURE 


REPORTS 

REPORT  10 

REPORT  11 

REPORT  12 

PRIVATE  VENTURE 
CASH  FLOWS 
OURING  CONSTRUCTION 
PERIOD 

1 

PRIVATE  VENTURE 
CASH  FLOWS 
OURING  OPERATING 
PERIOD 

1 

PRIVATE  VENTURE 
MINIMUM  REVENUE 
REQUIREMENTS 
DISCOUNTING  WITH 
WEIGHTED  COST  OF 
CAPITAL 

1 

PRIVATE  VENTURE 
MINIMUM  REVENUE 
REQUIREMENTS 
DISCOUNTING  WITH 
RETURN  ON  EQUITY 

SUMMARIES 


REPORT  13 

REPORT  14 

NAVY  FINANCED/ 

NAVY  FINANCED/ 

NAVY  OPERATED 

NAVY  OPERATED 

VS 

VS 

THIRD  PARTY 

THIRD  PARTY  FINANCED/ 

FINANCED/NAVY 

OPERATED 

THIRD  PARTY  OPERATED 
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Tabic  2-1 


COMPARISON  OF  FINANCIAL  STATISTICS 
USING  NAVY  AND  COMMERCIAL  ECONOMICS 
FOR  A  TYPICAL  COAL-USE  PROJECT(1) 


Statistics 

(in  1982  display  vaar  dollars) 

Present  Value  of  Life  Cycle  Costs 
Unit  Present  Value  of  Life  Cycle  Costs 
Level! zed  Cost  (constant  dollar) 

Unit  Lavelised  Coat 
Savings/Investment  Ratio 
Discounted  Payback  Period 


Navy  Financed/ 
Navy  Operated 
Venture* 2 * 

68,121 


i  8/10  Btu 
103|/yr 
‘8/105 6  Btu 
dimensionless 


11,518 

13.13 


Privately  Financed/ 
Privately  Operated 
Venture* 3 ' 

87,114 


12,024 


Unit  Leveliaad  Cost  Details  (< 
Return  Required  by  Investors 
Corporate  Income  Tax 
Property  Tax  and  Insurance 
Total  Capital  Charts 
Operating  Labor 
Operating  Material 
Coal(3) 

Purchased  Auxiliary  Energy 
Electricity^3^ 

Fuel  Oil(5) 

Natural  Caa*3* 

St...<3) 

Total  Operating  Cost 
Total  Levelised  Cost 


Btu  of  stean) 


(1)  The  project  is  installation  of  a  new  200,000  lb/hr  stoker  boiler  central 
steam  plant  with  a  1987  startup  year  and  operation  for  25  years  at  50 
percent  load  factor.  Coats  in  1982  display  year  dollars  are  as  follows: 

Construction  821,722,000 

Startup  8  2,383,000 

Annual  Coal  8  2,761,000 

Other  Annual  Operating  and  Maintenance  Coats  8  3,179,000 

(2)  Present  values  are  calculated  with  Navy  economics  using  a  constant  dollar 
discount  rate  of  10  percent  per  year. 

(3)  Present  values  are  calculated  with  coMercial  economics  using  a  current 
dollar  discount  rate  (weighted  cost  of  capital)  of  15.9  percent  per  year 
in  the  presence  of  6  percent  per  year  general  inflation. 

(4)  The  Navy  analysis  laads  directly  to  a  capital  charge,  and  does  not 
calculate  return  and  taxes  separately. 

(5)  Annual  differential  inflation  rates  for  purchased  energy  are  as  follows 
(Reference  1-5): 


Coal 

Electricity 

Natural  Caa 
Riel  Oil 

Steam 


5  percent /year 

6  percent /year 
10  percent /year 

5  percent/year 

6  percent /year 


Section  3 


THE  COAL-USE  ECONOMICS  METHODOLOGY 

The  coei-use  economics  methodology  was  developed  to  assess  the  economic 
merits  of  projects  to  replace  oil  or  gas  with  coal  as  steam  generator 
fuel  at  Navy  shore  bases.  As  shown  in  Figure  3-1,  the  methodology  uses 
cost  estimates  as  input  to  produce  financial  statistics  and  reports  as 
output. 

In  this  section,  the  economic  analysis  methods  and  assumptions  of  the 
methodology  are  described  in  a  way  that  highlights  similarities  between 
Navy  and  commercial  financial  analyses.  The  following  subjects  are 
discussed: 

•  Input  data  reformulation,  dealing  with  adjustment  of 
the  cost  estimate  reference  time 

•  Treatment  of  discounting  and  inflation,  dealing  with 
preaent  values,  levelized  costs,  general  inflation,  and 
differential  escalation 

•  Life  cycle  cost  analyses,  dealing  with  closed  form 
annuity  calculations,  producing  the  following  coal-use 
project  financial  statistics: 

-  Total  present  value 
Unit  present  value 
Levelized  costs 

-  Unit  levelized  costs 

•  Private  sector  income  taxes 

•  Analyses  of  costs  and  benefits,  desling  with 
year-by-year  calculations  to  produce  the  following 
financial  statistics: 

Savings /investment  ratio 

Discounted  payback  period 

-  Simple  payback  period 
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Figure  3-1  OPERATION  OF  THE  COAL-USE  ECONOMICS  METHODOLOGY 

•  Ventures  analysed  and  report*  generated,  dealing  with 
venture  structures  with  combination  oi  Navy  and  private 
interest  participation  in  the  financing  and  operation 
of  the  project 


3.1  INPUT  DATA  REFORMULATION 

3.1.1  Reference  Tinea 

The  coal-use  economics  methodology  works  with  the  following  three 
reference  times : 

a  Base  year  -  the  year  of  the  plant  cost  estimate 

a  .  Display  yaar  -  a  year  chosen  by  the  user  for 
presentation  of  financial  statiatice 

a  Startup  year  -  the  year  of  plant  startup 

The  user  must  specify  the  base  year  by  providing  the  following  cost 
parameters:  plant  cost  index,  hourly  labor  rate  for  operation  and 
maintenance,  and  prices  for  purchased  coal,  electricity,  fuel  oil, 
natural  gas,  and  auxiliary  steam.  These  cost  paraamters  are  input  by  the 
user  along  with  the  cost  estimate  for  plant  installation  and  operation. 

The  display  year  and  the  startup  year  are  selected  by  the  user  and  are 
used  as  rafsrsnea  times  for  present  value  calculations  in  the  financial 
analyses.  To  specify  the  selected  display  year,  the  user  awst  input  the 


following  coot  parameter*:  plant  coat  index,  hourly  labor  rate  for 
operating  and  maintenance,  and  prices  for  purchased  coal,  electricity, 
fuel  oil,  natural  gas,  and  auxiliary  steam. 

The  user  is  free  to  select  a  preferred  plant  cost  index  system,  but  once 
selected,  the  same  system  must  be  used  in  a  given  analysis. 

3.1.2  Adjustment  of  Cost  Estimate  Reference  Times 

The  first  step  in  the  coal-use  economics  methodology  is  the  conversion  of 
the  input  cost  estimate  from  base  year  dollars  to  display  year  dollars. 
This  conversion  (or  reformulation)  is  performed  in  the  following  way: 

a  A  ratio  is  formed  for  each  cost  parameter  between  the 
display  year  value  (in  the  numerator)  and  the  base  year 
value  (in  the  denominator). 

•  Construction,  startup,  and  first  year  operating  and 
maintenance  material  costs  in  the  cost  estimate  are 
sultiplied  by  the  ratio  of  the  plant  cost  indices  for 
the  display  year  (in  the  numerator)  and  the  base  year 
(in  the  denominator). 

a  Similarly,  the  first  year  purchased  energy  costs  in  the 
cost  estimate  are  multiplied  by  the  corresponding  ratio 
of  energy  prices. 

3.2  TREATMENT  OF  DISCOUNTING  AND  INFLATION 

Once  the  cost  estimate  is  available  in  display  year  dollars,  the 
methodology  then  distributes  the  capital  and  first  year  costs  to  their 
year  of  occurrence  in  plant  construction  and  operation,  and  then 
discounts  the  costs  to  their  present  values  at  a  "Year  0"  reference  time 
(the  display  >  ear  or  startup  year,  depending  on  the  section  of  the 
code).  In  performing  the  calculations,  the  methodology  makes  frequent 
conversions  between  startup  year  and  display  year  costs.  In  all  of  the 
calculations,  user  specified  rates  of  inflation  and  differential 
inflation  are  taken  into  account. 


3.2.1  Present  Values 


Hie  coal-use  economics  methodology  includes  calculation  of  present  values 
with  a  Navy  discount  rate  and  two  different  private  sector  discount 
rates,  all  of  which  can  be  set  by  user  input: 

e  Navy  discount  rate  -  an  opportunity  cost  which  includes 
the  equivalent  o£ the  return  required  by  investors  and 
an  allowance  for  the  capital  charge  associated  with 
corporate  income  taxes. 

#  Return  on  equity  -  the  return  which  private  sector 
equity  holders  require  on  the  equity  portion  of  a 
private  sector  investment. 

e  Weighted  cost  of  capital  -  the  freighted  average  of 

private  sector  interest  on  debt  and  return  required  by 
equity  holders.  The  weighted  cost  of  capital  is 
calculated  from  inputs  of  debt  fraction,  interest,  and 
return  on  equity. 


The  present  value  of  a  construction  period  cash  flow  is  the  product  of 
the  amount  of  the  cash  flow  and  the  discount  factor  for  the  year  in  which 
the  cash  flow  occurs.  According  to  the  type  of  structure,  the  following 
conventions  are  used  in  the  methodology  for  timing  a  cash  flow  for  a 
given  year: 

•  Navy  convention  -  the  cash  flow  is  distributed 
uniformly  over  the  year 

•  Commercial  convention  -  the  cash  flow  is  assumed  to 
occur  at  the  end  of  the  year 


The  discount  factor  formulas  for  cash  flow  used  by  the  methodology  are 
different  in  the  two  timing  conventions. 


The  coal-use  economics  methodology  includes  closed  form  calculations  of 
the  present  value  of  a  stream  of  equal  cash  flows  recurring  annually  for 
N  years,  known  as  annuity.  The  total  present  value  of  an  annuity  is 
calculated  as  the  product  of  the  first  year  cash  flow  and  a  "cumulative 
uniform  series"  discount  factor. 
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3.2.2  Levelized  Costa 


The  present  value  atetiatic  ia  also  converted  by  the  coal-use  economics 
methodology  into  a  financially  equivalent  annuity  known  as  levelized 
coat.  Unit  levelized  costs  (in  dollars  per  million  Btu  of  energy)  are 
convenient  because  they  can  be  validly  compared  with  current  prices  for 
purchased  energy  in  a  noninflationary  period.  Navy  levelized  costs  are 
discussed  in  Reference  1-2.  Private  sector  levelized  costs,  also  known 
as  minimum  revenue  requirements,  are  discussed  in  References  3-1  and  3-2. 

The  levelized  cost  is  the  best  statistic  for  comparing  Navy  and 
commercial  economic  analyses,  because  in  levelized  costs  the  effects  of 
differing  discount  rates  are  minimized. 

3*2.3  Effects  of  General  Inflation 

In  the  coal-use  economics  methodology,  a  user-specified  general  inf1# cion 
rate  is  assumed  to  remain  constant  throughout  the  life  of  a  project  to 
install  and  operate  a  plant. 


To  separate  cost  effects  resulting  from  inflation  from  those  which  are 
independent  of  inflation,  the  coal-use  economics  methodology  distingui¬ 
shes  between  costs  in  "current  dollars"  and  those  in  "constant  dollars": 

•  Current  (inflating)  dollar  costs  reflect  changes  which 
are  to  be  paid  at  the  time  the  costs  are  incurred. 

During  inflationary  periods,  the  prices  of  most 
commodities  rise  over  time,  so  annually  recurring  costs 
will  rise  at  or  near  the  general  inflation  rate  when 
expressed  in  current  dollars. 

a  Constant  (real)  dollar  costs  reflect  amounts  that  would 
be  paid  if  the  general  prices  and  wage  levels  of  a 
speci  ic  "Year  0"  remained  constant  over  time,  as  if 
general  inflation  were  "turned  off"  at  Year  0. 


The  coal-use  economics  methodology  relates  the  discount  rate  in  current 
dollars  to  the  discount  rate  in  constant  dollars  according  to  the 
relation: 

(1  *  rcur^  "  (1  ♦  'const)  (1  ♦  g) 


where: 


rcur  *  current  dollar  diacount  rate 
rconat  *  constant  dollar  discount  rate 
g  “  rate  of  general  inflation 

Table  3-1  compares  typical  current  dollar  and  constant  dollar  discount 
rates  for  the  three  types  of  discount  rate  when  there  is  a  6  percent  per 
year  general  inflation. 


Table  3-1 

TYPICAL  CURRENT  DOLLAR  AND  CONSTANT  DOLLAR 
DISCOUNT  RATES  FOR  6  PERCENT  PER  YEAR 
GENERAL  INFLATION 


Type  of 
Discount  Rate 


Current  Dollar 
Discount  Rate, 
percent /year 


Constant  Dollar 
Discount  Rate, 
percent /year 


Return  on  Equity 
Weighted  Cost  of  Capital 
Navy 


18.00 

15.90 

16.60 


(1) 


11.1 

9.3 

10.0 


(1)  The  15.90  percent  per  year  value  represents  a  project  capital 

structure  containing  70  percent  equity  paying  18  percent  per  year 
and  30  percent  debt  paying  11  percent  per  year. 


Present  values  at  a  Year  0  are  calculated  by  either  of  the  following 
methods  when  inflation  is  present: 

o  Costs  in  current  dollars  are  discounted  at  the  current 
dollar  discount  rate. 

e  Costs  in  constant  dollars  referenced  to  Year  0  are 
discounted  at  the  constant  dollar  discount  rate. 


The  present  values  calculated  by  the  two  methods  are  identical  and  the 
coal-use  economics  methodology  uses  the  two  methods  interchangeably. 


Consistent  with  Navy  convention,  levelized  costs  are  calculated  in 
constant  dollars  in  the  coal-use  economics  methodology.  Also,  constant 
dollar  levelized  costs  are  convenient  because  they  can  be  readily 
compared  with  Year  0  purchased  energy  prices. 

Startup  year  present  values  are  converted  to  display  year  present  values 
in  the  methodology  by  discounting  at  the  current  dollar  discount  rate. 
Startup  year  levelized  costs  are  converted  to  display  year  levelized 
costs  by  de-escalating  at  the  general  inflation  rate. 

3.2.4  Differential  Inflation  of  Purchased  Energy 

To  accommodate  purchased  energy  prices  which  may  increase  faster  than 
general  inflation,  the  coal-use  economics  methodology  allows 
specification  of  a  separate  differential  inflation  rate  (DIR)  for  each 
purchased  energy  coaesodity.  The  DIR  is  approximately  the  amount  by  which 
the  commodity  inflation  rate  exceeds  the  general  inflation  rate,  and  it 
is  defined  exactly  by  the  relation. 


DIR 


-  1 


Here, 

e  ■  energy  comsu>dity  inflation  rate,  percent  per  year 
g  *  general  inflation  rate,  percent  per  year 


Typical  DIR  values  for  various  purchased  energy  commodities  are  given  in 
Table  3-2.  The  methodology  combines  the  DIR  with  the  constant  dollar 
discount  rate  "r"  to  obtain  an  effective  discount  rate  "x"  through  the 
formula. 


1  +  r 
1  ♦  DIR 


-  1 


This  formula,  the  basis  for  tabulated  discount  factors  in  Reference  1-1, 
is  used  in  both  Navy  and  comswrcial  life  cycle  cost  analyses. 


Table  3-2 


TYPICAL  DIFFERENTIAL  INFLATION  RATES 
FOR  ENERGY  PURCHASED  BY  NAVY  BASES 


Differential  Inflation 
Rate  (DIR)*1*, 


b  of  Purchaeed  Energy  percent/year 


Coal  5 

Electricity  6 

Steam  6 

Fuel  Oil  8 

Natural  Gaa  10 


(1)  The  DIR  valuea  shown  are  thoee  recommended  in  Reference  1-5. 
3.3  PROJECT  LIFE  CYCLE  COSTS 

The  eoal-uee  economica  methodology  calculatea  the  following  four  economic 
atatistica  from  the  coate  of  plant  conatruction  and  operation: 

•  Preaent  value 

•  Unit  preaent  value 

e  Level iced  coat 

e  Unit  level iced  coat 

Theee  calculatione  conaider  only  coata,  and  do  not  conaider  caah  flowa  of 
income  for  aale  of  the  producta  of  the  plant.  The  reaulting  financial 
atetiatica  are  called  life  cycle  coata.  In  the  private  aector  analyaia 
they  meaaure  the  minimum  revenuee  the  plant  muet  earn  through  aale  of 
producta  to  pay  all  expenses  and  taxee  and  to  pay  inveatore  the  minimum 
return  that  they  require.  The  Navy  analyaia  leada  to  comparable  life 
cycle  coata. 

Figure  3-2  ia  the  coat  ceah  flow  diagram  for  a  typical  coal-uae  project 
for  calculetiona  with  Year  0  aa  the  atartup  year. 


CONSTRUCTION 

PERIOD 


OPERATING 

PERIOD 


SALVAGE 

VALUE 


DISPLAY 

YEAR 


DATE  OF 
DECISION 
TO  SEEK 
FINANCING 


I 

STARTUP 

YEAR 


YEARS 


•3  -2  -10  1  2  3  4 


24  25 


SECOND  YEAR 
CONSTRUCTION 
AND  STARTUP 
COSTS 


Figure  3-2  TYPICAL  COST  CASH  FLOW  DIAGRAM  OF  COAL  CONVERSION  PROJECTS 


Construction  period  costs  include  the  year-by-year  construction  costs  end 
the  startup  (or  owner's)  costs  incurred  the  last  construction  year.  In 
commercial  economic  analyses,  construction  period  costs  are  reduced  by  an 
investment  tax  credit.  The  present  value  of  all  construction  period  cash 
flows  in  startup  year  dollars  is  the  total  capital  investment  for  the 
project. 

Operating  period  costs,  treated  separately  by  the  methodology,  include 
the  following  cost  items: 

e  Operating  and  maintenance  labor 

e  Operating  and  maintenance  materials 

#  Coal 

e  Auxiliary  electricity 

e  Auxiliary  oil 

e  Auxiliary  natural  gas 

e  Auxiliary  steam 

The  present  values  of  the  operating  period  costs  are  calculated  and 
summed  to  yield  a  total  present  value  for  operating  and  maintenance.  The 
methodology  assumes  that  the  plant  will  operate  at  the  same  load  factor 
each  year  of  its  specified  economic  life. 

If  there  is  salvage  value  at  the  end  of  the  operating  period,  its  present 
value  is  a  negative  entry  in  computing  the  total  present  value  of  project 
costs. 

Levelixed  life  cycle  costs  are  calculated  from  the  construction  period 
present  values  and  the  operating  period  present  values.  The  resulting 
costs  associated  with  the  investment  appear  as  annual  capital  charges 
added  to  the  levelixed  annual  operating  and  maintenance  costs. 

The  capital  charge  has  similar  magnitude  in  Navy  and  commercial 
economics,  but  it  is  calculated  differently  in  the  two  analyses: 


•  In  Navy  economics,  the  capital  charge  is  simply  the 
levelized  cost  of  the  present  value  of  the  investment. 

•  in  commercial  economics,  the  capital  charge  is  the  sum 
of  the  following  operating  period  levelized  costs: 

-  Return  to  equity  holder 
Debt  service 

-  Corporate  income  taxes 

-  Property  taxes  and  insurance 

The  methodology  includes  property  taxes  and  insurance  for  privately 
operated  ventures  but  not  for  Navy  operated  ventures,  since  local  taxes 
are  not  levied  on  government  land,  and  insurance  is  not  usually  included 
in  Navy  economic  analyses.  The  annual  property  tax  and  insurance  are 
typically  2  percent  of  the  total  capital  requirement. 

3.4  PRIVATE  SECTOR  INCOME  TAXES 

When  calculating  commercial  minimum  revenue  requirements,  the  coal-use 
economics  methodology  calculates  federal  and  state  corporate  income  taxes 
as  a  function  of  the  minimum  revenue  requirement  for  return  to  investors 
(the  "after-tax  cash  flow")  by  the  following  tax  formula: 

T  -  y—-  (A  -  D  -  I) 

where 

T  ■  annual  corporte  income  tax 
t  ■  the  tax  rate,  typically  50  percent 
A  -  annual  after-tax  cash  flow 
D  -  annual  capital  depreciation  for  tax  purposes 
I  *  annual  interest  paid  on  debt 

Since  capital  depreciation  and  interest  payments  vary  from  year  to  year, 
the  methodology  performs  a  year-by-year  calculation  to  determine  the 


corresponding  tax  end  its  present  value.  The  total  life  cycle  present 
value  of  income  tax  is  obtained  by  susnation. 

The  capital  depreciation  for  tax  purposes  is  calculated  in  the  coal-use 
economics  methodology  by  one  of  the  following  two  methods,  specified  by 
the  user  (and  summarized  in  Table  3-3): 

e  Sum-of-the-Years-Digits  (SOYD),  in  use  for  several 
decades 

e  Accelerated  Cost  Recovery  System  (ACRS),  introduced 
recently 

The  methodology  calculates  interest  on  debt  on  a  year-by-year  basis 
assuming  constant  annual  payments  for  debt  service  (the  sum  of  interest 
and  principal). 

The  methodology  permits  the  user  to  specify  a  percentage  for  an 
investment  credit  to  reduce  income  tax  during  the  construction  period. 
This  credit  is  subtracted  from  the  total  capital  requirement  to  obtain 
the  actual  cost  to  investors. 

3.5  ANALYSES  OF  COSTS  AND  BENEFITS 

In  addition  to  calculating  the  life  cycle  costs  of  a  coal-use  project, 
the  methodology  compares  the  coal-use  project  with  burning  oil  or  gas  in 
existing  boilers  in  a  year-by-year  analysis  of  costs  and  benefits.  The 
analyses  of  costs  and  benefits  are  carried  out  to  calculate  comparison 
financial  statistics,  which  are  the  savings/investment  ratio  and  payback 
periods . 

3.5.1  Navy  Comparison  Statistics 

In  the  Navy  analysis,  the  operating  costs  that  would  be  paid  for  the  oil- 
or  gas-burning  unit  are  calculated  as  benefits  to  the  coal-use  project, 
since  the  coal-use  project.  The  benefits  occur  during  the  operating 
period  when  oil  or  gas  is  displaced  by  the  coal-use  project.  The 


year-by-year  annual  savings  caused  by  the  coal-use  project  are  then 
calculated  as  the  difference  between  the  annual  benefits  and  the  annual 
coal-use  project  operating  and  maintenance  costs.  The  present  'values  of 
the  savings  in  each  year  are  then  calculated.  The  methodology  finally 
calculates  the  savings/investment  ratio  and  discounted  payback  period 
financial  statistics  in  the  following  ways  in  the  Navy  analysis: 

a  The  savings/investment  ratio  is  the  ratio  of  the  total 
present  value  of  savings  to  the  total  present  value  of 
the  investment.  If  the  savings/investment  ratio 
exceeds  1.0,  the  coal-use  project  is  financially 
attractive. 

a  The  discounted  payback  period  is  the  time  until  the 
cumulative  present  value  of  the  savings  becomes  equal 
to  the  present  value  of  the  investment.  If  the 
discounted  payback  period  is  less  than  the  operating 
life,  the  project  is  attractive. 

3.5.2  Commercial  Comparison  Statistics 

In  the  commercial  economic  analysis,  the  operating  costs  for  burning  oil 
or  gas  are  considered  as  revenues  for  the  coal-use  project,  under  the 
assumption  that  the  products  of  the  coal-use  project  could  be  sold  for 
the  price  of  making  them  by  burning  oil  or  gas.  The  equivalent  of 
"savings"  in  conercial  economics  is  the  after-tax  cash  flow. 


The  coal-use  economics  methodology  makes  calculations  of  both  of  the 
following  commercial  economic  equivalents  of  savings: 

e  The  after-tax  cash  flow  (common  in  the  regulated 
electric  utility  industry) 

e  The  equity  after-tax  cash  flow  (coonon  in  unregulated 
industries,  such  as  petroleum) 


The  after-tax  cash  flow  is: 


where 


A  “  annual  after-tax  cash  flow 
t  “  the  tax  rate 
R  “  total  annual  revenues 
E  “  annual  expenses 

D  “  annual  capital  depreciation  for  tax  purposes 
1  ■  annual  interest  paid  on  debt 


In  the  after-tax  cash  flow  analysis  of  the  Methodology,  the  present  value 
of  each  annual  after-tax  cash  flow  is  calculated  year  by  year  using  the 
weighted  cost  of  capital  as  the  discount  rate.  Then  the  methodology 
calculates  savings/investaent  ratio,  discounted  payback  period,  and 
simple  payback  period  financial  statistics: 

e  The  savings/investaent  ratio  is  the  ratio  of  the  total 
present  value  of  operating  period  after-tax  cash  flows 
to  the  present  value  of  the  investment.  As  before,  the 
coal-use  project  is  economically  attractive  if  the 
savings /investment  ratio  is  greater  than  1.0. 

e  The  discounted  payback  period  is  the  time  until  the 
cumulative  present  value  of  the  after-tax  cash  flows 
becomes  equal  to  the  present  value  of  the  investment. 

e  The  simple  payback  period  is  the  time  until  the 

cumulative  after-tax  cash  flow  becomes  equal  to  the 
present  value  of  the  investment. 


The  equity  after-tax  cash  flow  analysis  in  the  methodology  differs  from 
after-tax  cash  flow  analysis  in  the  following  ways: 

e  The  equity  after-tax  cash  flow  equals  the  after-tax 
cash  .low  minus  debt  service. 

e  Only  the  equity  portion  of  the  investment  is  used  to 
compute  the  savings/investaent  ratio  and  payback 
periods. 

e  The  discount  rate  is  the  return  on  equity. 
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3.6 


VENTURES  ANALYZED  AND  REPORTS  GENERATED 


The  methodology  was  constructed  to  accommodate  three  different  venture 
structures.  These  are: 

•  Navy  financed/Navy  operated  venture 

•  Third  party  financed/Navy  operated  venture 

•  Third  party  financed /third  party  operated  (all  private) 
venture 

For  the  all-Navy  venture,  results  are  presented  in  both  display  year 
dollars  and  startup  year  dollars  to  conform  to  two  different  conventions 
followed  in  the  Navy.  For  the  all-private  venture,  minimum  revenue 
requirements  are  presented  in  display  year  dollars  using  both  return  on 
equity  and  the  weighted  cost  of  capital  as  discount  rates  to  provide 
financial  statistics  appropriate  for  both  regulated  and  unregulated 
industries. 


Section  4 


AUTOMATION  OF  THE  COAL-USE  ECONOMICS  METHODOLOGY 

The  coal-use  economic*  methodology,  described  in  detail  in  Section  3,  was 
automated  by  construction  of  the  Phase  I  computer  program,  entitled 
"CO Ain  -  Coal  Conversion  Cost  Reformulation  Program."  Adapted  from  the 
Reference  1-6  computer  program,  the  COALR  program  has  the  following 
features : 

•  IN FREE  free-format  input  data  interpretation,  retained 
from  the  Reference  1-6  computer  program 

•  Routines  to  recognize  and  store  user  input  plant, 
utility,  and  Navy  economic  parameters 

•  A  routine  to  recognise  and  store  user  input  on  coal-use 
costs  to  be  reformulated,  fuel  to  be  displaced,  and 
coonercial  economic  parameters 

•  An  interpretive  input  echo  routine  to  assure  storage  of 
input  in  correct  internal  variables 

•  A  routine  to  reformulate  input  coal-use  costs  to  a 
display  year  dollar  basis 

•  A  routine  calculating  Navy  present  values  and  levelized 
costs,  retained  from  the  Reference  1-6  program 

r  m 

•  Routines  to  perform  cost  and  benefit  analyses  using 
Navy  economics 

•  Routines  to  calculate  third  party  and  private  venture 
financial  statistics  using  commercial  economics 

Details  of  th  ;  COALR  program  are  described  in  the  user's  manual,  which  is 
issued  separately  (Ref.  4-1).  This  section  explains  the  reports  produced 
by  this  program.  As  indicated  in  Figure  2-1,  the  program  produces  14 
cost  reports.  A  group  of  five  reports  displays  the  financial  statistics 
for  Navy  f inane ed /Navy  operated  projects.  A  second  group  of  three 
reports  covers  third  party  f inanced/Navy  operated  projects.  The  third 
group  of  four  reports  covers  third  party  financed /third  party  operated 
(all  private)  projects.  Finally,  there  are  two  sunmary  reports  providing 


financial  comparisons  of  the  third  party  financed/Navy  operated  and  the 
third  party  financed/third  party  operated  (all  private)  projects  with  the 
Navy  financed/Navy  operated  base  case.  The  program  always  produces  the 
statistics  for  the  base  case.  The  user  selects  one  of  the  other 
scenarios  for  the  run. 

In  subsequent  portions  of  this  section,  the  14  cost  reports  are  explained 
by  samples  produced  for  a  stoker-fired  central  steam  plant.  The  plant 
was  assumed  to  have  the  following  characteristics: 


Plant  capacity,  lb/hr  steam 

200,000 

Average  load  factor,  X 

50 

Plant  economic  life,  years 

25 

Startup  year 

1987 

Display  year 

1982 

Costs  (fourth  quarter  1982  dollars) 

-  Construction 

21,722,000 

-  Startup 

2,383,000 

-  Annual  coal  supply 

2,600,000 

-  Annual  O&M  costs 

3,179,000 

The  reports  were  produced  in  two  runs  of  the  program:  the  first, 
specifying  a  third  party  financed/Navy  operated  conmercial  venture,  and 
the  second,  specifying  a  third  party  financed/third  party  operated 
cosnercial  venture.  All  other  input  information  is  identical  for  the  two 
runs. 

4.1  NAVY  FINANCED/NAVY  OPERATED  VENTURES 

This  section  describes  the  reports  generated  by  the  coal-use  economics 
methodology  for  a  typical  venture  that  is  Navy  financed  and  Navy  operated. 

4.1.1  Report  1  -  Navy  Present  Values  in  Display  Year  Dollars 

Table  4-1  shows  Report  1,  which  gives  Navy  present  values  in  display  year 
dollars.  For  the  sample  case,  the  display  year  was  selected  to' occur  5 
years  before  plant  startup.  Reading  rows  from  the  top,  the  report 
provides  year-by-year  costs  during  the  construction  and  startup  period. 


It  then  treats  each  distinct  category  of  annual  operating  and  maintenance 
cost  as  a  separate  annuity.  Finally,  it  provides  total  costs. 

The  first  column  of  the  report  contains  costs  in  display  year  dollars. 

For  construction  and  startup,  the  costs  are  the  constant  dollar 
equivalent  of  actual  project  cash  flows.  For  the  operating  period,  the 
costs  are  first  year  costs  expressed  in  display  year  dollars. 

The  second  column  contains  discount  factors  for  the  construction  and 
operating  periods.  Construction  period  discount  factors  are  for  one-time 
cash  flows.  Operating  period  discount  factors  are  cumulative  uniform 
series  discount  factors  that  account  for  all  years  of  plant  operation. 

The  discount  factors  are  based  on  the  constant  dollar  discount  rate  with 
adjustments  for  differential  inflation. 

The  third  column  contains  present  values  formed  as  the  product  of  first 
column  costs  and  second  column  discount  factors. 

The  fourth  column  contains  unit  present  values  formed  by  dividing  the 
third  column  present  values  by  the  number  of  Btu's  of  heat  transferred 
(supplied  to  steam)  over  the  project  operating  life. 

4.1.2  Report  2  -  Navy  Levelised  Costs  in  Display  Year  Dollars 

Table  4-2  shows  Report  2,  which  gives  constant  dollar  Navy  levelised 
annual  costs  in  display  year  dollars.  The  row  headings  are  identical  to 
those  in  Table  4-1.  The  cost  column  is  also  identical  to  that  in  Table 
4-1.  The  second  column  contains  levelising  factors  derived  directly  from 
the  discount  factors  in  Table  4-1.  Each  levelising  factor  is  the 
quotient  formed  by  dividing  the  corresponding  discount  factor  by  the 
discount  factor  for  operating  material  cost.  The  third  column  in 
Table  4-2  contains  levelised  costs  formed  as  the  product  of  first  column 
costs  and  second  column  levelising  factors.  The  levelised  cost  is 
expressed  in  display  year  dollars.  The  fourth  column  contains  unit 
levelised  costs  formed  by  dividing  third  column  levelised  costs  by  the 
number  of  Btu's  of  heat  tranferred  in  one  year  of  operation. 


ALL  COSTS  »RF  REFERENCED  TO  THE  DISPLAY  0»TC  OF  WOVEHFER  I9A2 


L.3  Report  3  -  Navy  Cost  and  Benefit  Analysis 

Table  4-3  shows  Report  3  for  «  Navy  economics  cost  and  benefit  analysis. 
The  analysis  involves  a  year-by-year  calculation  carried  out  with 
constant  display  year  dollars.  The  first  column  indicates  the  year  for 
the  costs  considered.  The  second  and  third  columns  repeat  investment 
cash  flow  information  from  Reports  1  and  2. 

The  operating  costs  column  contains  the  total  operating  and  maintenance 
cost  of  the  coal-use  project  for  each  year.  Each  entry  is  the  sum  of 
labor,  material,  and  energy  costs.  The  energy  costs  are  differentially 
escalated  before  they  are  added  to  form  the  sum.  The  operating  benefits 
column  contains  similar  total  operating  and  maintenance  costs  for  the 
alternative  oil-fired  project.  The  savings  column  entries  are  the 
differences  between  the  corresponding  operating  costs  and  operating 
benefits. 

The  present  value  discount  factor  column  contains  discount  factors  formed 
with  the  constant  dollar  discount  rate.  Present  values  for  investment, 
operating  costs,  and  savings  are  then  given  in  the  remaining  three 
columns.  The  present  values  are  formed  by  multiplying  the  discount 
factor  times  the  corresponding  cash  flows.  The  year-by-year  calculation 
of  operating  cost  present  values  yields  a  total  operating  cost  present 
value  that  is  within  0.06  percent  of  the  sum  of  operating  period  present 
values  in  Report  1.  This  small  difference  arises  because  the 
year-by-year  analysis  utilises  an  approximation  to  the  Report  1  uniformly 
distributed  discount  factor  with  differential  inflation. 

At  the  bottom  of  the  report,  the  financial  statistics  derived  from  the 
analysis  are  presented.  The  present  value,  unit  present  value,  levelised 
cost,  and  unit  levelised  cost  for  the  coal-use  project  are  presented. 

Then  the  savings/ investment  ratio  and  the  discounted  payback  period 
derived  from  comparison  with  oil-firing  are  presented. 
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4.1.4  Report*  4  and  5  ~  Startup  Year  Dollar  Tables 

Table  4-4  shows  Report  4,  which  contains  Navy  present  values  in  startup 
year  dollars.  Table  4-5  shows  Report  5,  which  contains  Navy  levelized 
costs  in  startup  year  dollars.  Reports  4  and  5  are  identical  in  form  to 
Reports  1  and  2,  respectively.  To  generate  the  startup  year  reports, 
investment  and  first  year  operating  and  maintenance  costs  are  converted 
from  current  dollar  display  year  costs  to  current  dollar  startup  year 
costs,  using  general  inflation  and  differential  inflation  escalation 
factors. 

4.2  THIRD  PARTY  FINANCED/NAVY  OPERATED  VENTURES 

This  section  describes  the  reports  generated  by  the  coal-use  economics 
methodology  for  a  typical  venture  that  is  third  party  financed  and  Navy 
operated. 


4.2.1  Report  6  -  Investor  Cash  Flows  During  Construction  Period 

Table  4-6  shows  Report  6,  which  contains  a  year-by-year  analysis  of 
construction  period  financing  by  third  party  inveators.  The  analysis  is 
carried  out  in  current  dollars.  Present  values  are  calculated  in  startup 
year  dollars. 

The  top  table  of  the  report  establishes  the  investment  present  value  at 
startup.  Successive  columns  describe  sources  and  uses  of  funds,  tax 
savings  and  tax  credits,  the  after-tax  equity  cash  flow,  and  present 
values  for  total  investment  and  the  equity  portion.  The  split  between 
debt  and  equity  is  in  accord  with  user  input.  Tax  savings  and  credits 
during  the  construction  period  reduce  the  equity  cash  flow  required 
during  conatruction.  The  capital  cost  during  the  last  construction  year 
contains  both  the  final  year  construction  costs  and  the  startup  costs. 

The  bottom  table  of  the  report  estabishes  the  tax  basis  for  tax 
depreciation  during  the  operating  period.  Successive  columns  show:  the 
depreciable  portion  and  total  investment,  interest  on  debt,  a  tax  credit 
adjustment  to  the  tax  basis,  and  the  resulting  tax  basis. 
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4.2.2  Report  7  -  Investor  Cash  Flow  During  Operating  Period 

Table  4-7  shove  Report  7,  vhich  contains  third  party  investor  cash  flows 
during  the  operating  period.  In  this  analysis,  it  is  assumed "that  the 
third  party  investors  receive  uniform  annual  lease  payments  from  the  Navy 
over  the  15-year  life  of  the  lease.  (Note  that  the  lease  payments  are 
uniform  in  current  dollars;  when  expressed  in  constant  dollars,  they  will 
decline  over  time.)  At  the  end  of  the  lease  life,  the  facility  becomes 
the  property  of  the  Navy.  The  lease  payments  must  be  sufficient  to 
provide  the  required  return  to  lenders  and  equity  holders  and  to  pay 
corporate  income  taxes.  The  lease  payments  therefore  must  be  equal  to 
the  minimum  revenue  requirements  shown  in  the  second  column.  Subsequent 
columns  provide  the  breakdown  of  the  minimum  revenue  requirement  and 
proof  that  the  after-tax  equity  cash  flow  has  a  present  value  equal  to 
the  equity  portion  of  the  investments  from  Report  6. 

The  third  and  fourth  columns  contain  the  annual  interest  and  debt 
service.  The  minimum  revenue  requirement  minus  the  debt  service  equals 
the  before-tax  equity  cash  flow  in  the  fifth  column.  The  sixth  column 
contains  the  depreciation  computed  for  a  ten  year  tax  life  by  the  ACRS 
method.  The  seventh  column,  taxable  income ,  is  the  difference  between 
the  revenue  requirement  and  the  sum  of  interest  plus  depreciation.  The 
corporate  income  taxes  computed  with  a  50  percent  tax  rate  are  shown  in 
the  eighth  column.  The  difference  between  the  before-tax  equity  cash 
flow  and  the  tax  is  the  after-tax  equity  cash  flow  of  the  ninth  column. 

The  discount  factor  computed  from  the  current  dollar  return  on  equity 
(ROE)  is  shown  in  the  tenth  column.  The  present  value  of  the  after-tax 
equity  cash  flow  is  given  in  the  final  column.  By  definition,  the  total 
present  value  agrees,  within  rounding,  with  the  present  value  of  the 
equity  portion  of  the  total  investment  of  Report  6. 


4.2.3  Report  8  -  Navy  Cash  Flows  During  Operating  Period 

Table  4-8  shows  Report  8,  which  contains  Navy  cash  flows  during  the 
operating  period.  The  report  provides  both  a  life  cycle  cost  for  the 
project  and  a  cost  and  benefit  comparison.  The  analyses  are  performed 
using  Navy  economics. 


4-12 


fci 


»  al 
jk  a  © 
*  k  © 
>  or  • 
«*  • 
*-/W 
X  I* 
tol  II 
10  *- 


••  o 
Ui  o 

ft  — 
O  ft 


ft  (9 
X 

©  •" 


w  «  #»  | 
ft  ft  v>  • 
ft  w  ft  I 

im  a.  ft  • 
acji 
o  _j  • 
10  o  • 

I 


O  «/> 

ft  u» 


X  X 


►-  *-  -I 
•  **  to 
ft  a 

less 


<9 

tt 


ft  o 
*  u 


I 
I 
» 

• 

I 
I 
I 
« 

I 

• 

I  ft  r- 
I  ft  ft 
I  ft  © 
I  ft  a. 
i  «■* 


v>  o 


K.  D  D  S. 

•«  I  2  U 


Hi 


ft  © 


nftOft'Antftftn 
Nt  m##<f  off' 

•  fttt^fO«r»tf)« 


ft  <v  ft  m  ft  ft  i 
ft  ft  *o  ft  *r»  i  ft 

♦  »0NWWf«  I  K> 

I  o 
I 
I 
I 


•-r  w  w  .  . . . . 

ftiDinininMviyNMivNCNjH^ 


mooftomoft  ^  4i  vfi  h  h  ^  i 
Oft<V©ftftftft«0«90ftft  |f>  ft  I 
ttftl0f0CSi^Kh»00flCftftftO*4  I 

«  •  i  i  mmm  n  <y  tv  MV  i')  i 


HCotMOff'HttMr-HKirwH 
~4«AftOOlaGftft'£«Oftftfto*j 
oft^ftir>ftintn^Kftao^«-4<Nj 
^  i  t  i  i  ip  <r  m  tnm  in  tn  in  «o  4 


CM 


>«AiAftio")(y(vNMf4xeo  i 

i 

i 

l 

• 


ftftftofttnftoftfOftooisft  i 
ftftft*©in«*ftfv*o  i 


ft-  r»  ft.  r>  r>  »o  n  ft,  «o  «o  «  r>  «o  ri  *o 


>  — 

1 

• 

• 

•  • 

•  •  • 

•  •  • 

i 

< 

1 

ft  ft  to. 

• 

o  X 

f 

k  a«iM  iv  oc 

o  o 

0 

0 

0 

a 

0 

0 

i 

IV 

*  3  © 

1 

Ui  o 

f 

«  CO  oa 

i 

sr 

V  o 

• 

ft  H 

• 

cm  cw  o  o  e-. 

i 

4J 

C,  <0 

1 

ft  ft 

1 

ft  <6  ft  *  * 

• 

41 

ft 

U  W  G> 

• 

uj  ft 

1 

i 

»-H 

o 

U  3  Z 

1 

Q  ft 

1 

i 

ja 

a 

ft  ©  ft 

• 

1 

i 

tW 

ft  -J  «/» 

• 

X 

£ 

BC 

*  ft  © 

1 

ft  X 

*-  © 

« 

ft  ft  © 

1 

*  • 

•  •  • 

•  •  • 

• 

Ik  X  X 

1 

1  ft  vj 

1 

a*  ft 

ft  ft  ft 

ft  ft  ft 

i 

ft*  ft 

• 

Ui  ft  ft 

1 

ft  •>• 

i 

►  ft  w 

1 

SSz 

f 

o  o  o  oo  o  o 

©  o 

OOP 

o  o  o 

i 

ft  o 

• 

in  if>  it  ip  if.  <n  if. 

m  r. 

IT  IT 

to  »n  m 

i 

o: 

to  Ui  <0 

1 

i 

ft  ft 

w  ft 

1 

• 

ft  o 

&  u 

I 

i 

ftftftftftftftftftftftftftftft  i  m 

•or/oooooowr.rtrtiowfo  i  — 
woor,  orjooioonr.  r.  or,  «  o 

i  o 

I  Ow 

I 

I 


*•  *.  fOONwNififf  «  N  I  O 

ff  ni  ft  o  tr  r  r.  i  cw 

oeftf  ftftftftftfttfiftio***  •  « 
••h  i  e 

• 

i 


CMivnfo<ffhCff'OMN  ft 


4-13 


rrrgrrg  wmfrwzw&vrsin'c  wi  rrr 7W7*z*X*s.  r*T-L*lT'X’iym*}mlT^ 


% 


lv 


0 

e  i 
ia.  *  i 

°5i 

>4  • 

a  0  i 

i 


>er  «( 

t(nemr  i 

’■09*0*9*00*01 


i^emKmeioiOHaNiAK 
NO9IOM0  IT>NSt 
>OOOOO0*0*0*O(DOKK 
«  rtfO  lOKlfOrt  »0 


00 

I  00 

4-» 

<U  M 

*H  O 

.o  a 
(0  « 

H  c* 


u.  *  o 
o  *->  >- 

k-  <A 

>«o 
a  ku 
w 
a. 

M  O 

a 

C  2  (  V) 

O  m  «  H 

»->KM 
U  «  UO 
4U 


0t0to**raNift0t*ofe*''>o*4rroo0»40*~«h- 

9AV«KON9NO^oo«^iontinooiOKOiA0 


#nrt  WfOWNWNWNW. 


I  CMC0*in0«00*440<Oa*rMi0<M?ft-ft-ft-»flOO0*O 
•  0K)C«O«£MOh^MOCMn«N^OO*fiCK4<4 
I  000*0000«MMCMCM«-«*«4<44«4444*OOOOOO 


>0  02 
a  ik.  z  44 


M  *w» 
o  or  >- 


(vo4into^ro2<<einc9>Nk}r^AtNO)0«ir 


3  O 


O  0 

UZA  • 
k>  I 

<►«  I 
2  ««  I 
I 
• 
• 
I 
I 
I 
I 
I 
I 
I 
I 


m  Q.  U.  V)  I 
>01*101 
<  V  2U  I 
to  W  I 
Oil 


tvo«or»^>ooio^M«'i0ir>0o*o**4tf)cv<Mincv’O 

0  ft*  2*  HO)r  ChK)^0«C(MK(^ 


a.  lj  -j 
0  0.0 
o  o 

► 

>0  1*. 

0  z  o 
z  *»• 

N  t  k) 

0  3  0 
w  o  * 

U  «  I 
ZMM  I 
<23  • 


k)e40OONNtflHM0ir««4ONlO4NN0ir0 

HH(x»o<4iff><ra'tf4r€k-*oo(ro#«(MvKK^tt 

00in0>«D*4*0»nifci>440ft*z00O0«<Mft-0® 

•4,4HHM«*(MMMNMNinnniOftiniA|1«i0KK 


0 

Z  0 
*-  k- 
k-  0 

0  o 

2  U 


4*O44<M*00>ft»>CM00Of.y-,«’ft*0in«©f»«©ft40 

(vrina/tN.a.2)»oiOirK«^ox0*(Mr-«rinc9rM<>O‘a 

r^io^cDeioorknn^ioooinv'txe^Ncin 

«>>>k>«2<C0rro6*4f«HCNifyiM«<inir<« 


zoo 

9 

u. 

H  J  t 

1 

OUK 

9 

• 

It  U-  *- 

9 

0  0 

1 

0 

** 

9 

> 

0  O 

1 

«M 

►  x 

CL 

«*i  o 

1 

0 

>  v> 

w 

9 

CM 

0  0 

• 

0  U 

• 

a 

9 

► 

at 

o  > 

o 

OL  0 

9 

0 

H  Z 

u 

w 

9 

0 

X 

0 

0  0 

9 

0 

ft- 

ft*. 

O  0 

C 

• 

0  ft*J 

9 

2 

-1 

1 

zeociooneirxNontoooi 
000  0>&00fO«’0O00 

p*  «  if-  r-  •»  e  «x  /-■  t  n  <v 


&^)<^00n«-40X0«‘*r/C>4^OC  «Dr»00lP 


9  r 

1  0 

1  K 

i  m 

9  * 

1 

1 

4* 

LJ 

1  • 

44 

0 

1  0 

3 

0 

9  O 

ft- 

LJ 

1  o* 

ffi 

-J 

9  0 

1  0 

z 

> 

9 

o 

0. 

9 

ft* 

_f 

-J 

~4 

0 

9 

0* 

** 

k- 

1 

0 

0 

O 

1 

9 

k— 

0  ~ 

• 

ft- 

9 

O  3 

0  or 

II 

9 

U  ►- 

ft*  <■*  O 

9 

E 

CUJU. 

0 

9 

0 

0 

© 

z  z 

0  o 

z 

•-«  o 

w  w 

4- 

9  • 

k-  #i 

J  o 

» 

9  0 

0  -J 

v.  u 

0 

9  0 

V  -J 

>  w 

0 

9  44 

u  ~ 

k*  a  2 

9  *4 

a.  (B 

0 

> 

9  0 

o 

•«•  ©  V  0 

& 

9  0 

•  (To  or 

9 

v>  e  <0  n« 

W 

3  ©  •"•  O  0  W 

> 

-4  r 

•  W  Z  > 

4- 

t  • 

0.  ^ 

INI  •-» 

k- 

•  o 

CM 

*“•»!*. 

0 

1  0* 

W 

-J  0  O 

-J 

•  0 

0  >. 

•  w  0 

3 

9  f* 

« 

>  • 

2 

9  CM 

w  >  >  w  >  o 

3 

•  * 

j  a  a  j  a  z 

u 

9 

•r  ** 

44  4*  ^ 

9  • 

3 

3 

9  k* 

k- 

H- 

•  0 

X 

a_ 

9  0 

9  O 

Z 

z 

t  ft* 

o 

o 

9  CM 

4» 

*4 

9 

o  -1 

O  -» 

Z  -J 

Z  -4 

0  4- 

0  44 

•  • 

0  T 

0  Z  0 

1  0 

3 

3  x 

1  ft 

O  X 

O  a  0 

•  cr 

X  w 

X  LJ  W 

9  0 

k-  0. 

0*  a  »- 

1  H 

9 

•  0* 

•  9  ft(M 

1 

«•  44 

C  ■  f4  • 

C  0  Ob  0  0 

cr* 

44  44 

0 

44 

0  0 

0  0 

9 

9 

II  II 

•1  t«  II  II 

I  k- 

•  z 

I  0 

•  H 

•  0 

I  O 
I  U 
I 
I 
• 

• 

9 
I 
• 

I 
I 
I 


z  o 


9  rm0«4«i*>«o*o««w9*0o«4< 
9  >-c**.000inr-^ir©if,  c*©« 

9  ♦  C\ .  0K0»K>*-.0X00O<^^0 
9  ♦  0  0  000  0«m«m«mcm«mcmcm4* 

9 

9 

9 


3  O 


9  000000000000000< 

i  9j»Tir»irinirir#0’ir0.  2>2>mmir 
9  wwioionni'Hnwioinrtiono 
9  000000000000000 


•  • 
I  44 

9  0 
I  0 
• 

I 


0 

O 

o  w 


k  a 
& 

o  z  u 
l;  w  0 

_  z  o 


_  0  Utf)  < 

3  »-  o  Ni»j  a 


0 

1 

0 

«J  z  u  ~  > 

• 

o 

0  W  -j  z 

9 

0 

MOLH 

« 

0 

W  W  >  V 

1 

•* 

>*Ny« 

9 

2  2  4  JL 

1 

W  «J  Z 

(fifty  >n 

-4 

w  •«  >  •*  > 

CM 

0 

0  Z  W  Z  0 

4* 

ft- 

a  3  -j  3  0 

o 

o 

CM 

ft* 

0 

0 


O 

c. 


-4  U* 

a.  ► 

0 

•■•  > 
O  0 
-J 
Li  CL 
X  0 


U  cr- 

Z  Z 
•  WO 
Ui  2  U 
3  U 4 


to  0 

Ui  tfi  K 
X  LJ  0 

a.  3  c 
J  u 
0  0 
W  >  O 


z  z  *- 

Ui  W  J 
O  0  W 
w  > 

>  k  U 

a.  a.  j 

•  *  • 


4-14 


The  top  portion  of  the  report  contains  cash  flows  and  their  present 
values.  The  first  column  contains  the  operating  years.  The  project 
shown  has  a  25-year  operating  life.  The  second  column  contains  the 
current  dollar  end-of-year  lease  payments  from  the  Navy  to  the  third 
party  investors.  Since  the  Navy  economic  analysis  is  carried  out  in 
constant  dollars,  the  lease  payments  are  first  de-escalated  to  display 
year  dollars,  as  shown  in  the  third  column.  The  fourth  column  provides 
constant  dollar  end-of-year  discount  factors.  The  fifth  column  provides 
the  constant  dollar  present  value  of  the  lease  payments  obtained  by 
multiplying  the  third  column  and  the  fourth  column.  The  total  present 
value  of  lease  payments  represents  the  total  investment  denominator  in 
the  savings/investment  ratio. 

The  remaining  columns  in  the  upper  part  of  the  report  are  identical  to 
columns  in  Report  3,  the  cost  and  benefit  comparison  for  an  all-Navy 
project.  Successive  columns  contain  operating  costs,  operating  benefits, 
operating  savings,  the  present  value  discount  factor  for  savings  and 
operating  costs,  and  finally  Che  present  values  of  operating  costs  and 
savings. 

The  bottom  of  the  report  contains  the  financial  statistics  calculated 
from  present  values  from  the  upper  part  of  the  report.  The  statistics 
are  the  same  as  those  calculated  in  Report  3. 

4.3  THIRD  PARTY  FINANCED/THIRD  PARTY  OPERATED  (ALL  PRIVATE)  VENTURES 

This  section  describes  the  reports  generated  by  the  coal-use  economics 
methodology  for  a  typical  venture  which  is  privately  financed  and 
privately  operated.  The  venture  involves  capital  and  operating  costs 
that  are  identical  to  those  in  the  all-Navy  venture  described  in 
Section  4.1 . 


4.3.1  Report  9  -  Private  Venture  Cash  Flows  During  Construction  Period 

Table  4-9  shows  Report  9,  which  contains  construction  period  cash  flows 
for  the  private  investors.  Report  9  is  identical  to  Report  6.  . 


TOTAL  29735.  31M8.  335.  1587.  2P5B3 


Report  10  ~  Private  Venture  Cash  Flow  During  Operating  Period 

Table  4-10  shows  Report  10,  which  indicates  operating  period  cash  flows 
for  the  private  operators.  The  top  half  of  the  report  is  a  year-by-year 
current  dollar  cost  and  benefit  analysis  for  a  25-year  operating  life. 

The  first  column  contains  the  operating  year.  Asterisks  indicate  that 
information  has  not  been  printed  for  some  years.  The  next  seven  columns 
contain  current  dollar  amounts,  and  the  final  six  columns  contain  present 
values  at  startup. 

The  second  column  contains  operating  expenses  which  are  the  current 
dollar  expenses  equivalent  to  the  constant  display  year  dollar  costs  for 
the  operating  period  in  Report  3.  The  third  column  contains  operating 
benefits  (revenues)  on  the  same  basis.  The  fourth  column  contains 
operating  savings  formed  as  the  difference  between  the  third  and  the 
second  columns.  The  fifth  column  contains  interest  payments,  calculated 
assuming  a  25-year  debt  life.  The  sixth  column  contains  tax 
depreciation,  which  is  identical  to  the  corresponding  column  of  Report  5 
for  third  party  investors  during  the  operating  period. 

The  seventh  column  contains  the  after-tax  net  cash  flow  calculated  from 
the  savings,  interest,  and  depreciation,  using  Equation  (3-3).  The 
eighth  column  contains  the  after-tax  equity  cash  flow,  formed  by 
subtracting  debt  service  from  the  after-tax  net  cash  flow. 

The  ninth,  tenth,  and  eleventh  columns  give  present  values  calculated 
using  the  current  dollar  weighted  cost  of  capital  as  the  discount  rate. 
The  ninth  column  is  the  present  value  of  expenses.  The  tenth  column  is 
the  present  value  of  interest  plus  depreciation,  needed  for  calculating 
the  present  values  of  taxes.  The  eleventh  column  is  the  present  value  of 
the  after-tax  net  cash  flow. 

The  twelfth,  thirteenth,  and  fourteenth  columns  give  present  values 
calculated  using  the  current  dollar  return  on  equity.  The  twelfth  column 
contains  the  present  value  of  expenses  plus  debt  service.  The  thirteenth 
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column  contains  the  present  value  of  interest  plus  tax  depreciation.  The 
fourteenth  column  contains  the  present  value  of  the  after-tax  equity  cash 
flow. 


The  bottom  of  the  report  contains  financial  statistics  calculated  from 
the  year-by-year  amounts  and  totals  from  the  upper  part  of  the  report. 
First,  coal-use  project  minimum  revenue  requirements  are  presented. 
Present  values,  unit  present  values,  levelised  costs,  and  unit  levelixed 
costs  are  shown.  These  are  followed  by  the  investment  ratio,  the  simple 
payback  period,  and  the  discounted  payback  period  resulting  from  the  cost 
and  benefit  analysis.  Statistics  calculated  with  both  discount  factors 
are  included. 

4.3.3  Reports  11  and  12  -  Minimum  Revenue  Requirements 

Tables  4-11  and  4-12  show  Reports  11  and  12,  which  contain  display  year 
minimum  revenue  requirements  built  up  from  separate  categories  of  cost. 
Report  11  shows  the  results  of  discounting  with  the  weighted  cost  of 
capital.  Report  12  shows  the  results  of  discounting  with  the  return  on 
equity.  The  reports  show  the  elements  that  are  included  in  the 
financing-related  capital  charge,  and  the  labor,  material,  and  purchased 
energy  elements  included  in  operating  and  maintenance  costs.  Column 
headings  include  costs,  discount  factors,  present  values,  unit  present 
values,  levelixing  factors,  levelised  costs,  and  unit  levelised  costs. 

4.4  SUMMARIES  AMD  COMPARISONS 

This  section  describes  the  two  summary  reports  generated  by  the  coal-use 
economics  methodology  to  compare  the  effect  of  differing  venture 
structurea  on  a  project.  One  report  or  the  other  will  be  printed  in  a 
given  run,  depending  on  the  commercial  structure  selected  by  the  user. 

4.4.1  Report  13  -  Comparison  of  Wavy  Financed/Navy  Operated  and  Third 
Party  Financed/Navy  Operated  Ventures 

Table  4-13  shows  Report  13,  which  compares  financial  statistics  for  Navy 
financing  with  those  for  third  party  financing.  The  top  half  of  the 
report  treats  Navy  financing;  the  bottom  half  treats  third  party 


TOTH,  CITE  CYCLE  COST  TfcOSfc. 


UmiT  PRC  SC NT  VALUE  BASED  OK  21500.  BILLION  BTU  HEAT  TRANSFERRED  OVCR  25.0  YEARS  OF  Lire 
LEVCLJ2CD  COST  IN  CONSTANT  DISPLAY  OOLLARS.  TO  CONVCRT  TO  CURRENT  DOLLARS  FULTIPLV  BT  2.01R 
CONSTANT  OOLLAR  UNIT  LEVEL  ICED  COST  BASED  ON  R76.00  BILLION  BTU  MCAT  TRANSFERRED  PER  TEAR 
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financing.  The  statistics,  already  displayed  in  previous  reports,  are 
redisplayed  in  this  summary  in  both  display  and  startup  year  dollars. 

All  statistics  are  calculated  with  Navy  economics.  The  third -party  lease 
cost  and  lease  life  are  shown. 

A. 4. 2  Report  14  -  Comparison  of  Navy  Financed/Navy  Operated  and  Third 
Party  Financed/Third  Party  Operated  (All  Private)  Ventures 

Table  4-14  shows  Report  14,  which  compares  financial  statistics  for  Navy 
financing  with  those  for  privste  financing.  The  top  half  of  the  report 
treats  the  Navy  project;  the  bottom  half  treats  the  private  project.  The 
statistics,  already  displayed  in  previous  reports,  are  redisplayed  in 
this  sumary  in  both  display  and  startup  year  dollars.  Statistics  for 
the  all-Ravy  venture  are  calculated  with  Navy  economics.  Statistics  for 
the  all-private  venture  are  calculated  with  commercial  economics,  using 
both  the  weighted  cost  of  capital  and  the  return  on  equity  as  discount 
factors. 
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Section  S 


NONPROFIT  ENTITY  PROJECTS 


The  coal -use  economic*  methodology  can  be  applied  in  either  of  two  way* 
to  project*  undertaken  by  nonprofit  entities  such  a*  universities  and 
state  and  local  governments: 

•  For  nonprofit  financed/nonprofit  operated  ventures, 

substitute  nonprofit  parameters  for  commercial  data,  as 
follows: 

Set  the  income  tax  rate  equal  to  aero. 

-  Set  the  property  tax  and  insurance  rate  to  reflect 
insurance  costs  only. 

-  Set  capital  structure  data  to  reflect  the  source  of 
funds,  e.g. ,  100  percent  debt  at  9  percent/year,  or 
SO  percent  equity  portfolio  at  12  percent/year  when 
inflation  is  6  percent/year. 

-  Input  no  depreciation  information.  Default  values 
will  be  supplied  by  the  program  and  ignored  by  the 
calculations. 


This  method  will  give  results  for  si 1-Navy  and  all-nonprofit  venture 
structures  side  by  side.  The  nonprofit  venture  will  be  labeled  "private 
venture." 


For  profit-making,  third  party  financed /nonprof it  operated  ventures, 
choose  input  data  as  follows: 

e  Insert  the  nonprofit  constant  dollar  discount  rate  in 
place  of  the  Navy  discount  rate. 

e  Insert  capital  structure  and  depreciation  data 
appropriate  to  the  profit-making  third  party,  and 
indicate  the  third  party  lease  life. 


This  method  will  give  results  for  all  nonprofit  and  third  party  venture 
structures  side  by  side,  with  nonprofit  statistics  generated  instead  of 
Navy  statistics.  The  reports  will  be  labeled  "Navy."  An  appropriate 


annual  capital  charge  for  property  taxes  and  insurance  nust  be  calculated 
and  added  by  hand  to  the  levelised  costs.  To  find  the  Davy  equivalents 
to  the  two  nonprofit  reports  generated  by  this  method,  the  calculation 
must  be  rerun  using  the  Mavy  constant  dollar  discount  rate  (the  default 
is  10  percent). 
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PROGRAM  CAPABILITY 


1.1  PROGRAM  DESCRIPTION 

OOALR  -  Coal  Conversion  Coat  Reformulation  Program  -  is  a  computer 
program  prepared  for  the  Naval  Civil  Engineering  Laboratory  (NCEL),  Port 
Hueneme,  California,  by  Bechtel  Group,  Inc.,  as  part  of  the  work  of 
Phase  I  of  "Engineering  Services  for  Coal  Conversion  Guidance,"  Navy 
Contract  N62474-82-C-8290.  COALR  incorporates  the  coal-use  economics 
methodology  prepared  in  the  Phase  I  work.  COALR  was  constructed  by 
adapting  an  existing  NCEL  computer  program. 

COALR  accepts  as  program  input  coal-use  project  costs  estimated  in  the 
dollars  of  some  reference  year.  The  program  then  reformulates  the 
project  costs  to  the  dollars  of  a  user-chosen  display  year.  Finally,  the 
program  calculates  life  cycle  coats  and  financial  statistics  for  the 
coal-uae  project.  The  operation  of  COALR  is  summarized  in  Figure  1-1. 
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Figure  1-1  OPERATION  OF  PROGRAM  COALR 
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1.2  PROGRAM  FEATURES 

COALR  has  been  constructed  as  a  versatile  tool  permitting  the  results  of 
several  different  economic  analyses  to  be  viewed  side  by  side.'  COALR  has 
the  following  capabilities: 

e  Economic  analyses  using  both  Navy  and  commercial 
financial  assumptions 

e  Presentation  of  seven  financial  statistics 
e  Treatment  of  three  venture  structures 
a  Reporting  in  both  startup  year  and  display  year  dollars 
•  Comparisons  with  use  of  fuel  oil  or  natural  gas 

1.2.1  Navy  and  Commercial  Economics 


COALR  includes  both  Navy  and  commercial  economic  analyses.  Similarities 
between  the  two  analyses  are: 

e  Both  are  based  upon  computation  of  project  present 
values  using  discount  rates  chosen  by  the  user. 

e  Both  aim  to  produce  capital  charge  rates  typical  of 
those  encountered  in  the  private  sector. 


The  two  analyses  differ  principally  in  the  way  they  take  into  account 
corporate  income  taxes  paid  by  the  private  sector: 


The  Navy  economic  analysis  achieves  the  reality  of 
private  sector  capital  charges  by  using  a  discount  rate 
that  is  an  average  of  corporate  gross  profit  rates 
since  World  War  II.  Use  of  this  discount  rate  produces 
a  single  capital  charge  term  that  includes  both  return 
to  investors  and  an  allowance  for  corporate  taxes. 

Since  the  Navy  pays  no  income  taxes,  they  are  not 
calculated. 

The  commercial  economic  analysis  uses  a  discount  rate 
that  contains  only  return  to  investors,  and  use  of  this 
discount  rate  produces  a  capital  charge  term  that 
contains  only  return  to  investors.  To  obtain  a  total 
capital  charge,  e  term  is  added  for  the  capital  charge 
of  corporate  income  taxes,  calculated  under  present  or 
previous  tax  laws  for  depreciation  and  iavestsmnt 
credits. 
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1.2.2  Financial  Statistics 

COALR  operates  on  project  costs  (capital  and  operating  costs)  to  produce 
seven  commonly  occurring  financial  statistics  for  comparing  energy 
project  life  cycle  costs.  These  statistics  are: 

e  Present  value 

•  Unit  present  value 

•  Level ized  cost 

e  Unit  level ized  cost 

e  Savings/ investment  ratio 

e  Discounted  payback  period 

e  Simple  payback  period 

All  seven  statistics  are  calculated  using  commercial  economics.  The 
first  six  are  also  calculated  using  Navy  economics.  For  both  Navy  and 
commercial  economics  the  levelized  costs  and  unit  level ized  are  presented 
in  constant  (real)  dollars. 

1.2.3  Venture  Structures 

COALR  treats  the  following  three  venture  structures: 

e  Structure  1  -  Navy  financing /Navy  operation 

e  Structure  2  -  Third  party  f inane ing/Navy  operation 

e  Structure  3  -  Third  party  financing/ third  party 

operation  (all  private) 

Statistics  for  Structure  1  are  calculated  with  Navy  economics  only. 
Statistics  for  Structure  2  are  calculated  using  Navy  economics,  except 
for  lease  payments,  which  are  determined  by  commercial  economics. 
Statistics  for  Structure  3  are  calculated  entirely  with  commercial 
economics.  Structure  3  can  also  be  used  for  nonprofit  organization 
projects  by  ignoring  taxes. 


Startup  Year  Versus  Display  Year  Dollars 


The  financial  statistics  are  presented  in  both  plant  startup  year  dollars 
and  dollars  of  an  arbitrary  year  selected  by  the  user,  called  the  display 
year.  User  purchased  energy  price  input  data  is  entered  in  disjflay  year 
dollars. 

1.2.5  Co«parisons  with  Use  of  Oil  or  Gas 

COALR  includes  analyses  of  both  the  costs  and  benefits  of  displacing  fuel 
oil  or  natural  gas  by  a  new  coal-use  project.  The  coaparison  analyses 
result  in  calculation  of  three  of  the  financial  statistics:  the 
savings/ investaent  ratio,  the  discounted  payback  period,  and  the  siaple 
payback  period. 

Figure  1-2  naaes  the  14  possible  reports  generated  by  the  Phase  I 
prograa.  The  reports  generated  in  a  given  run  depend  on  the 
user-selected  coaaercial  venture  option  (third  party  financed  or  all 
private). 

Figure  1-3  is  a  logic  flow  diagraa  which  summarizes  the  financial 
calculations  performed  by  COALR.  First,  subroutine  CALCR  reformulates 
the  plant  cost  estimate  to  display  year  dollars.  Then  subroutine  ECONR 
calls  the  financial  subroutines  which  produce  the  output  reports. 

1.3  PROGRAM  LIMITATIONS 

COALR  has  the  following  limitations: 

e  The  general  inflation  rate  and  energy  commodity 
differential  inflation  rates  are  assumed  constant 
during  the  coal-use  project  life  cycle  of  construction 
and  operation. 

a  The  Navy  discount  rate  and  the  coaaercial  rates  for 
interest  on  debt  and  return  on  equity  are  assuowd 
constant  during  the  coal-use  project  life  cycle  of 
construction  and  operation. 

a  The  prograa  compares  the  life  cycle  costs  of  the  coal 
use  project  with  the  life  cycle  costs  of  a  base  case 
burning  oil  or  gas  in  existing  boilers.  The  base  case 
does  not  include  any  capital  costs  to  install  new  oil- 
or  gas-fired  boilers. 
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DIAGRAM  FOR  FINANCIAL  CALCULATIONS 


Section  2 


COMPUTATIONAL  PROCEDURES 

This  section  presents  date  and  methodology  sources  for  COALR  and  outlines 
the  calculations  used  to  produce  the  fourteen  reports  illustrated  in 
Figure  1-2. 


2.1  DATA  AND  METHODOLOGY  SOURCES 

The  coal-use  economics  swthodology  used  in  COALR  is  described  in 
Reference  2-1.  Navy  economic  analysis  methods  are  described  in 
References  2-2  through  2-5.  Commercial  economic  analysis  methods , 
including  formulas  for  compound  interest  factors,  are  described  in 
Reference  2-6.  Annual  operating  and  maintenance  costs  for  oil-  and 
gas-fired  comparison  cases  are  taken  from  Reference  2-7. 


2.2  SUMMARY  OF  COMPUTATIONAL  PROCEDURES 


The  computational  procedures  of  COALR  are  described  below  in  a  way  that 
highlights  similarities  between  Navy  and  commercial  financial  analyses. 
The  following  subjects  are  discussed: 


a  Input  data  reformulation,  dealing  with  adjustment  of 
the  cost  estimate  reference  time 


Treatment  of  discounting  and  inflation,  dealing  with 
present  values,  levelized  costs,  general  inflation,  and 
differential  escalation 


a  Life  cycle  cost  analyses,  dealing  with  closed  form 

annuity  calculations,  producing  the  following  coal-use 
project  financial  statistics: 


Total  present  value 


Unit  present  value 
Levelized  costs 


Unit  levelized  costs 


•  Private  sector  income  taxes 


•  Analyses  of  coata  and  benefita.  dealing  with 
year-by-year  calculations  to  produce  the  following 
financial  statistics: 

-  Savings/ investment  ratio 

~  Discounted  payback  period 

-  Simple  payback  period 

2.3  INPUT  DATA  REFORMULATION 
2.3.1  Reference  Times 

COALR  works  with  the  following  three  reference  times: 

•  Base  year  -  the  year  of  the  plant  cost  estimate 

•  Display  year  -  a  year  chosen  by  the  user  for 
presentation  of  financial  statistics 

•  Startup  year  -  the  year  of  plant  startup 

The  user  must  specify  the  base  year  by  providing  the  following  coat 
parameters:  plant  cost  index,  hourly  labor  rate  for  operation  and 
maintenance,  and  prices  for  purchased  coal,  electricity,  fuel  oil, 
nttuul  gas,  and  auxiliary  steam.  These  coat  parameters  are  input  by  the 
user  along  with  the  cost  estimate  for  plant  installation  and  operation. 

The  display  year  and  the  startup  year  are  selected  by  the  user  and  are 
used  as  reference  times  for  present  value  calculations  in  the  financial 
analyses.  To  specify  the  selected  display  year,  the  user  must  input  the 
following  cost  parameters:  plant  cost  index,  hourly  labor  rate  for 
operating  and  maintenance,  and  prices  for  purchased  coal,  electricity, 
fuel  oil,  natural  gas,  and  auxiliary  steam. 

The  user  is  free  to  select  a  preferred  plant  cost  index  system,  but  once 
selected,  the  same  system  must  be  used  in  a  given  analysis. 


2.3.2  Adjustment  of  Cost  Estimate  Reference  Times 


The  first  step  performed  by  CQALR  is  the  conversion  of  the  input  cost 
estimate  from  base  year  dollars  to  display  year  dollars.  This  conversion 
(or  reformulation)  is  performed  in  the  following  way: 

•  A  ratio  is  formed  for  each  cost  parameter  between  the 
display  year  value  (in  the  numerator)  and  the  base  year 
value  ( in  the  denominator) . 

•  Construction,  startup,  and  first  year  operating  and 
maintenance  material  costs  in  the  cost  estimate  are 
multiplied  by  the  ratio  of  the  plant  cost  indices  for 
the  display  year  (in  the  numerator)  and  the  base  year 
( in  the  denominator) . 

e  Similarly,  the  first  year  purchased  energy  costs  in  the 
cost  estimate  are  multiplied  by  the  corresponding  ratio 
of  energy  prices. 


2.4  TREATMENT  OF  DISCOUNTING  AND  INFLATION 

Once  the  cost  estimate  is  available  in  display  year  dollars,  CQALR  then 
distributes  the  capital  and  first  year  costs  to  their  year  of  occurrence 
in  plant  construction  and  operation,  and  then  discounts  the  costs  to 
their  present  values  at  a  "Year  0"  reference  time  (the  display  year  or 
startup  year,  depending  on  the  section  of  the  code).  In  performing  the 
calculations,  CQALR  makes  frequent  conversions  between  startup  year  and 
display  year  costs.  In  all  of  the  calculations,  user  specified  rates  of 
inflation  and  differential  inflation  are  taken  into  account. 


2.4.1  Present  Values 

COALR  includes  calculation  of  present  values  with  a  Navy  discount  rate 
and  two  different  private  sector  discount  rates,  all  of  which  can  be  set 
by  user  input : 

e  Navy  discount  rate  -  a  social  opportunity  cost  which 
includes  the  equivalent  of  the  return  required  by 
investors  and  an  allowance  for  the  capital  charge 
associated  with  corporate  income  taxes. 

e  Return  on  equity  -  the  return  which  private  sector 
equity  holders  require  on  the  equity  portion  of  a 
private  sector  investment. 


•  Weighted  cost  of  capital  -  the  weighted  average  of 
private  aector  interest  on  debt  and  after-tax  return 
required  by  equity  holders.  The  weighted  cost  of 
capital  ia  calculated  from  inputs  of  debt  fraction, 
interest,  and  return  on  equity. 

The  present  value  of  a  construction  period  cash  flow  is  the  product  of 
the  amount  of  the  cash  flow  and  the  discount  factor  for  the  year  in  irtiich 
the  cash  flow  occurs.  According  to  the  type  of  structure,  the  following 
conventions  are  used  in  COALR  for  timing  a  cash  flow  for  a  given  year: 

•  Navy  convention  -  the  cash  flow  is  distributed 
uniformly  over the  year 

•  Comaercial  convention  -  the  cash  flow  is  assumed  to 
occur  at  the  end  of  the  year 

The  discount  factor  formulas  for  cash  flow  used  by  COALR  are  different  in 
the  two  timing  conventions. 

COALR  includes  closed  form  calculations  of  the  present  value  of  a  stream 
of  equal  caah  flows  recurring  annually  for  N  years,  known  as  annuity. 

The  total  present  value  of  an  annuity  is  calculated  as  the  product  of  the 
first  year  cash  flow  and  a  "cumulative  uniform  series"  discount  factor. 

2.4.2  Level iaed  Costa 

The  present  value  statistic  is  also  converted  by  COALR  into  a  financially 
equivalent  annuity  known  as  levelised  cost.  Unit  levelixed  costs  (in 
dollars  per  sail ion  Btu  of  energy)  are  convenient  because  they  can  be 
validly  compared  with  current  prices  for  purchased  energy  in  a 
noninflationary  period. 

The  levelised  cost  is  the  best  statistic  for  comparing  Navy  and 
coosercial  economic  analyses,  because  in  levelised  costs  the  differences 
due  to  differing  discount  rates  are  minimised. 


2.4.3  Effects  of  General  Inflation 

Zn  COALR,  a  user-specified  general  inflation  rate  is  assumed  to  remain 
constant  throughout  the  life  of  a  project  to  install  and  operate  a  plant. 


To  separate  cost  effects  resulting  from  inflation  from  those  which  are 
independent  of  inflation,  COALR  distinguishes  between  costs  in  "current 
dollars"  and  those  in  "constant  dollars": 

a  Current  (inflating)  dollar  costs  reflect  changes  which 
are  to  be  paid  at  the  time  the  costs  are  incurred. 

During  inflationary  periods,  the  prices  of  most 
commodities  rise  over  time,  so  annually  recurring  costs 
will  rise  at  or  near  the  general  inflation  rate  when 
expressed  in  current  dollars. 

a  Constant  (real)  dollar  costs  reflect  amounts  that  would 
be  paid  if  the  general  prices  and  wage  levels  of  a 
specific  "Year  0"  remained  constant  over  time,  as  if 
general  inflation  were  "turned  off"  at  Year  0. 


COALR  relates  the  discount  rate  in  current  dollars  to  the  discount  rate 
in  constant  dollars  according  to  the  relation: 

( 1  +  rcur)  *  (1  ♦  *const  ^  ^  +  8^ 

where: 

rcur  *  current  dollar  discount  rate 
rconst  “  constant  dollar  discount  rate 
g  B  rate  of  general  inflation 

Table  2-1  cosipares  typical  current  dollar  and  constant  dollar  discount 
rates  for  the  three  types  of  discount  rate  when  there  is  a  6  percent  per 
year  general  inflation. 


Present  values  at  a  Year  0  are  calculated  by  either  of  the  following 
methods  when  inflation  is  present: 

e  Costs  in  current  dollars  are  discounted  at  the  current 
dollar  discount  rate. 


e  Costs  in  constant  dollars  referenced  to  Year  0  are 
discounted  at  the  constant  dollar  discount  rate. 


Table  2-1 


TYPICAL  CURRENT  DOLLAR  AND  CONSTANT  DOLLAR 
DISCOUNT  RATES  FOR  6  PERCENT  PER  YEAR 
GENERAL  INFLATION 


Type  of 
Discount  Rate 


Current  Dollar 
Discount  Rate, 
percent /year 


Constant  Dollar 
Discount  Rate, 
percent /year 


Return  on  Equity 
Weighted  Cost  of  Capital 
Navy 


18.00 

15.90 

16.60 


(1) 


11.1 

9.3 

10.0 


(1)  The  15.90  percent  per  year  value  represents  a  project  capital 

structure  containing  70  percent  equity  paying  18  percent  per  year 
and  30  percent  debt  paying  11  percent  per  year. 


The  present  values  calculated  by  the  two  methods  are  identical  and  COALR 
uses  the  two  methods  interchangeably. 


Consistent  with  Navy  convention,  level ired  costs  are  calculated  in 
constant  dollars  in  COALR. 


Startup  year  present  values  are  converted  to  display  year  present  values 
in  COALR  by  discounting  at  the  current  dollar  discount  rate.  Startup 
year  levelixed  costs  are  converted  to  display  year  levelized  costs  by 
de-escalating  at  the  general  inflation  rate. 

2.4.4  Differential  Inflation  of  Purchased  Energy 

To  accommodate  purchased  energy  prices  which  may  increase  faster  than 
general  inflation,  COALR  allows  specification  of  a  separate  differential 
inflation  rate  (DIR)  for  each  purchased  energy  commodity.  The  DIR  is 
approxisMtely  the  amount  by  which  the  commodity  inflation  rate  exceeds 
the  general  inflation  rate,  and  it  is  defined  exactly  by  the  relation: 


1 

\ 


Here, 


e  *  energy  commodity  inflation  rate,  decimal  fraction 
per  year 

g  *  general  inflation  rate,  decimal  fraction  per  year 


Typical  DIR  values  for  various  purchased  energy  commodities  are  given  in 
Table  2-2 .  CQALR  combines  the  DIR  with  the  constant  dollar  discount  rate 
"r"  to  obtain  an  effective  discount  rate  "x"  through  the  formula, 

x  -  --  r  -  1 

1  +  DIR  1 

This  formula,  the  basis  for  tabulated  discount  factors  in  Reference  2-2, 
is  used  in  both  Navy  and  commercial  life  cycle  cost  analyses. 

Table  2-2 

TYPICAL  DIFFERENTIAL  INFLATION  RATES 
FOR  ENERGY  PURCHASED  BY  NAVY  BASES 


of  Purchased  Ener 


Differential  Inflation 
Rate  (DIR)(1>, 
rcent/year 


Electricity 
Steam 
Fuel  Oil 
Natural  Gas 


(1)  The  DIR  values  shown  are  those  recommended  in  Reference  1-5. 
2.5  PROJECT  LIFE  CYCLE  COSTS 

COALR  calculates  the  following  four  economic  statistics  from  the  costs  of 
plant  construction  and  operation: 


a  Present  velue 


•  Unit  present  velue 

a  Levelized  cost 

e  Unit  levelized  cost 

These  calculations  consider  only  costs,  and  do  not  consider  cash  flows  of 
income  for  sale  of  the  products  of  the  plant.  The  resulting  financial 
statistics  are  called  life  cycle  costs.  In  the  private  sector  analysis 
they  measure  the  minimum  revenues  the  plant  must  earn  through  sale  of 
products  to  pay  all  expenses  and  taxes  and  to  pay  investors  the  minimum 
return  that  they  require.  The  Navy  analysis  leads  to  comparable  life 
cycle  costs. 

Figure  2-1  is  the  cost  cash  flow  diagram  for  a  typical  coal-use  project 
for  calculations  with  Tear  0  as  the  startup  year. 

Construction  period  costs  include  the  year-by-year  construction  costs  and 
the  startup  (or  owner's)  costs  incurred  the  last  construction  year.  In 
commercial  economic  analyses,  construction  period  costs  are  reduced  by  an 
investment  tax  credit.  The  present  value  of  all  construction  period  cash 
flows  in  startup  year  dollars  is  the  total  capital  investment  for  the 
project . 

Operating  period  costa,  treated  separately  by  CQALR,  include  the 
following  cost  items: 

•  Operating  and  maintenance  labor 

a  Operating  and  maintenance  materials 

a  Coal 

a  Auxiliary  electricity 

a  Auxiliary  oil 

a  Auxiliary  natural  gas 

a  Auxiliary  steam 


CONSTRUCTION 

PERIOD 


OPERATING 

PERIOD 


SALVAGE 

VALUE 


DISPLAY 


STARTUP 


YEARS 


DATE  OF 
DECISION 
TO  SEEK 
FINANCING 


ANNUAL  COSTS 


FIRST  YEAR 
CONSTRUCTION 
COST 


SECOND  YEAR 
CONSTRUCTION 
AND  STARTUP 
COSTS 


Figure  2-1  TYPICAL  COST  CASH  FLOW  DIAGRAM  OF  COAL  CONVERSION  PROJECTS 


The  present  velues  of  the  opereting  period  costs  ere  calculated  and 
sunned  to  yield  a  total  present  value  for  operating  and  maintenance. 

CQALR  assumes  that  the  plant  will  operate  at  the  same  load  factor  each 
year  of  its  specified  economic  life. 

If  there  is  salvage  value  at  the  end  of  the  operating  period,  its  present 
value  is  a  negative  entry  in  computing  the  total  present  value  of  project 
costs. 

Lave li zed  life  cycle  costs  are  calculated  from  the  construction  period 
present  values  and  the  operating  period  present  values.  The  resulting 
costs  associated  with  the  investment  appear  as  annual  capital  charges 
added  to  the  levelized  annual  operating  and  maintenance  costs. 

The  capital  charge  has  similar  magnitude  in  Navy  and  commercial 
economics,  but  it  is  calculated  differently  in  the  two  analyses: 

a  In  Navy  economics,  the  capital  charge  is  simply  the 
levelized  cost  of  the  present  value  of  the  investment. 

o  In  commercial  economics,  the  capital  charge  is  the  sum 
of  the  following  operating  period  levelized  costs: 

*  Return  to  equity  holder 

-  Debt  service 
Corporate  income  taxee 

-  Property  taxes  and  insurance 

COALR  includes  property  taxes  and  insurance  for  privately  operated 
ventures  but  not  for  Navy  operated  ventures,  since  local  taxes  are  not 
levied  on  government  land,  and  insurance  is  not  usually  included  in  Navy 
economic  analyses.  The  annual  property  tax  and  insurance  are  typically  2 
percent  of  the  total  capital  requirement. 


2.6  PRIVATE  SECTOR  INCOME  TAXES 

When  calculating  commercial  minimum  revenue  requirements,  COALR 
calculates  federal  and  state  corporate  income  taxes  as  a  function  of  the 
minimum  revenue  requirement  for  return  to  investors  (the  "after-tax  cash 
flow")  by  the  following  tax  formula: 

T  -  Y~£  (A  -  D  -  I) 

where 

T  *  annual  corporte  income  tax 
t  ■  the  tax  rate,  typically  SO  percent 
A  ”  annual  after-tax  cash  flow 
D  “  annual  capital  depreciation  for  tax  purposes 
1  **  annual  interest  paid  on  debt 

Since  capital  depreciation  and  interest  payments  vary  from  year  to  year, 
COALR  performs  a  year-by-year  calculation  to  determine  the  corresponding 
tax  and  its  present  value.  The  total  life  cycle  present  value  of  income 
tax  is  obtained  by  summation. 

The  capital  depreciation  for  tax  purposes  is  calculated  in  COALR  by  one 
of  the  following  two  methods,  specified  by  the  user  (and  summarized  in 
Table  2-3): 

e  Suorof-the-Years-Digits  (SOYD),  in  use  for  several 
decades 

a  Accelerated  Cost  Recovery  System  (ACRS),  introduced 
recently 

COALR  calculates  interest  on  debt  on  a  year-by-year  basis  assuming 
constant  annual  payments  for  debt  service  (the  sum  of  interest  and 
principal) . 


(I)  Startup  (Omrf'a)  cnata  sra  aaamwd  to  iac Iu4a  60  parcenf  rfapradlblt  capital  and 
Ml  parcant  noml^rfciatila  capital. 

(?)  In  tit*  arrcIfrafH  capital  racovarp  ayatm,  half  tha  invaatwtit  tar  rrnlil  a«al  Im 
aubtracfad  in  roapnting  dapra* aabla  capital. 


COALR  permits  the  user  to  specify  a  percentage  for  an  investment  credit 
to  reduce  income  tax  during  the  construction  period.  This  credit  is 
subtracted  from  the  total  capital  requirement  to  obtain  the  actual  cost 
to  investors. 

2.7  ANALYSES  OF  COSTS  AND  BENEFITS 

In  addition  to  calculating  the  life  cycle  costs  of  a  coal-use  project, 
COALR  compares  the  coal-use  project  with  burning  oil  or  gas  in  existing 
boilers  in  a  year-by-year  analysis  of  costs  and  benefits.  The  analyses 
of  costs  and  benefits  are  carried  out  to  calculate  comparison  financial 
statistics,  which  are  the  savings/investment  ratio  and  payback  periods. 

2.7.1  Navy  Comparison  Statistics 

In  the  Navy  analysis,  the  operating  costs  that  would  be  paid  for  the  oil 
or  gas-burning  unit  are  calculated  as  benefits  to  the  coal-use  project, 
since  the  coal-use  project.  The  benefits  occur  during  the  operating 
period  when  oil  or  gas  is  displaced  by  the  coal-use  project.  The 
year-by-year  annual  savings  caused  by  the  coal-use  project  are  then 
calculated  as  the  difference  between  the  annual  benefits  and  the  annual 
coal-use  project  operating  and  maintenance  costs.  The  present  values  of 
the  savings  in  each  year  are  then  calculated.  COALR  finally  calculates 
the  savings/investment  ratio  and  discounted  payback  period  financial 
statistics  in  the  following  ways  in  the  Navy  analysis: 

a  The  savings/investment  ratio  is  the  ratio  of  the  total 
present  value  of  savings  to  the  total  present  value  of 
the  investment.  If  the  savings/investment  ratio 
exceeds  1.0,  the  coal-use  project  is  financially 
attractive. 

e  The  discounted  payback  period  is  the  time  until  the 
cumulative  present  value  of  the  savings  becomes  equal 
to  the  present  value  of  the  investment.  If  the 
discounted  payback  period  is  less  than  the  operating 
life,  the  project  is  attractive. 


2.7.2  Cosnercial  Comparison  Statistics 

In  the  commercial  economic  analysis,  the  operating  costs  for  burning  oil 
or  gas  are  considered  as  revenues  for  the  coal-use  project,  under  the 
assumption  that  the  products  of  the  coal-use  project  could  be  sold  for 
the  price  of  making  them  by  burning  oil  or  gas.  The  equivalent  of 
"savings"  in  commercial  economics  is  the  after-tax  cash  flow. 

COALR  makes  calculations  of  both  of  the  following  coaamrcial  economic 
equivalents  of  savings: 

e  The  after-tax  cash  flow  (common  in  the  regulated 
electric  utility  industry) 

e  The  equity  after-tax  cash  flow  (comum  in  unregulated 
industries,  such  as  petroleum) 

The  after-tax  cash  flow  is: 

A  -  (1  -  t)(R  -  E)  ♦  tD  ♦  tl 
where 

A  •  annual  after-tax  cash  flow 
t  “  the  tax  rate 
R  *  total  annual  revenues 
E  *  annual  expenses 

D  “  annual  capital  depreciation  for  tax  purposes 
I  *  annual  interest  paid  on  debt 

In  the  after-tax  cash  flow  analysis  of  COALR,  the  present  value  of  each 
annual  after-tax  cash  flow  is  calculated  year  by  year  using  the  weighted 
cost  of  capital  as  the  discount  rate.  Then  COALR  calculates 
savings/ investment  ratio,  discounted  payback  period,  and  simple  payback 
period  financial  statistics: 
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•  The  savinga/investment  ratio  is  the  ratio  of  the  total 
present  value  of  operating  period  after-tax  cash  flows 
to  the  present  value  of  the  investment.  As  before,  the. 
coal-use  project  is  economically  attractive  if  the 
savings/investment  ratio  is  greater  than  1.0. 

e  The  discounted  payback  period  is  the  time  until  the 
cumulative  present  value  of  the  after-tax  cash  flows 
becomes  equal  to  the  present  value  of  the  investment. 

a  The  simple  payback  period  is  the  time  until  the 

cumulative  after-tax  cash  flow  becomes  equal  to  the 
present  value  of  the  investment. 


The  equity  after-tax  cash  flow  analysis  in  COALR  differs  from  after-tax 
cash  flow  analysis  in  the  following  ways: 

e  The  equity  after-tax  cash  flow  equals  the  after-tax 
cash  flow  minus  debt  service. 

e  Only  the  equity  portion  of  the  investment  is  used  to 
compute  the  savings/investment  ratio  and  payback 
periods. 

4  The  discount  rate  is  the  return  on  equity. 
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Section  3 


INPUT  DESCRIPTION 

This  section  describes  the  format,  preparation,  and  use  of  the  input  data 
for  COALR.  Figure  3-1  is  the  complete  set  of  input  data  for  the  first 
example  run  in  Appendix  A  of  this  manual.  Figure  3-1  is  provided  for 
reference  during  the  discussions  of  this  section.  Input  data  for  COALR 
may  be  prepared  either  as  punched  cards  or  as  data  files  created  from  a 
time  sharing  terminal.  In  the  discussion  of  this  section,  lines  of  input 
information  are  referred  to  as  "cards,"  and  the  collection  of  input  cards 
is  referred  to  as  the  input  "deck." 


3.1  PROBLEM-ORIENTED  UNFORMATTED  INPUT 

COALR  employs  an  easy-to-use  input  system  taken  from  a  previous  NCEL 
computer  program  developed  by  Peter  F.  Loftus  Corporation  (Ref.  3-1), 
which  offers  the  following  convenient  features: 

e  A  problem-oriented  input  language 

•  Unformatted  data 

Problem-Oriented  Input  Language.  This  includes  division  of  the  input 
deck  into  eight  logically  distinct  data  sections,  and  identifies  input 
data  by  key  words  that  serve  both  to  document  input  variables  for  the 
user  and  to  identify  the  variable  to  the  program. 


Four  types  of  input  information  are  supplied  in  the  problem-oriented 
language : 

a  Declarations .  Each  declaration  consists  of  a  word  or 
phrase  called  a  "key  word."  The  declaration  stands 
alone,  with  no  numerical  viluea  following.  Each 
declaration  sets  a  condition  variable  in  the  program. 
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n 
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id 


EXAMPLR  CASE  l 


DISCOUNT  10. 


INDEX  216.8 


PLANT  DATA 

PEAK  LOAD  200.  LOAD  FACTOR  .50 

♦ 

COAL  DATA 

PRICE  53.80  DIR  5. 

♦ 

UTILITY  DATA " 

OIL  1.0876  DIR  8. 

GAS  4.62  DIR  10. 

ELECTRIC  .06042  DIR  6. 

STEAM  10.3  OIR  6. 

MANHOURS  30. 

4 

ECONOMIC  DATA 

STARTUP  YEAR  1987  MONTH  11 
OISPLAY  YEAR  1982  MONTH  11 
COST  INOEX  315.0 
SCHEOULE  63.0  37.0 

LIFE  25.  SALVAGE  0.  DISCOUNT  10. 

• 

REFORMULATION  OATA 
CONSTRUCTION  14950  INDEX  216.8 
STARTUP  1640  INDEX  216.8 
COAL  1540  RATE  30.  ♦  l/l 
ELECTRIC  140  RATE  .033  ♦  A/KNH 
GAS  10  RATE  2.37  ♦  S/1000-SCF 

OIL  10  RATE  .4734  4  S/GAL 

STEAM  10  RATE  6.00  ♦  S/1000-LB 
LABOR  1135  RATE  20.  4  S/HR 
OTHER  ANNUAL  800  INDEX  216.8 
♦ 

COMPARISON  OATA 
BURN  OIL 

• 

COMMERCIAL  OATA 
INFLATION  *6.0 

DEBT  30  INTEREST  11.  RETURN  18. 
THIRD  PARTY  LEASE  LIFE  15. 

INCOME  TAX  RATE  50.  CREDIT  10 
PROPERTY  TAX  PERCENT  2. 

DEPRECIATION  ACRS  LIFE  5 
4 

"END  CASE 


Figure  3-1  INPUT  DATA 


t  Variables.  Each  variable  consists  of  a  word  or  phrase 
called  a  "key  word,"  followed  by  one  or  more  numerical 
values. 

•  Case  Titles.  A  case  title  is  supplied  for  each 
distinct  case  run. 

•  Comments.  Comments  aid  user  documentation  and  are 
ignored  by  the  program. 

In  the  discussion  that  follows,  declarations  and  variables  are  referred 
to  as  "data  items." 

Unformatted  Data.  This  feature  relieves  the  user  of  concern  about  the 
column  in  which  data  is  punched  and  allows  the  user  freedom  to  provide 
information  on  one  or  several  lines,  and  to  include  comment  information 
on  the  same  line  as  data.  The  input  deck  is  processed  by  the 
Peter  F.  Loftus  INFREE  free-field  input  routine,  which  interprets 
information  according  to  the  following  rules: 

•  Data  may  be  punched  anywhere  on  a  data  card. 

•  Data  items  may  be  key  words  or  numbers. 

•  Data  items  are  separated  by  a  comma,  an  equal  sign, 

and/or  one  or  more  blank  spaces. 

•  Numeric  items  may  be  supplied  with  or  without  decimal 
points. 

•  Numbers  in  exponential  format  are  supplied  by  adding  a 

plus  or  a  minus  sign  followed  by  the  exponent  (e.g., 

3.4-2  for  3.4  x  10’2). 

•  If  an  alphabetic  item  contains  imbedded  spaces,  commas, 
or  equal  signs,  or  if  it  consists  only  of  numbers  and 
plus  or  minus  signs,  it  should  be  enclosed  by  slashes 
(e.g. ,/lA,  BC  DEF/  or  /1234-71/). 

s  Data  items  may  be  repeated  on  a  card  by  a  specification 
of  the  form  N*D,  where  N  is  the  number  of  times  data 
item  D  is  to  be  repeated. 

•  Except  for  the  title  card,  any  cards  with  an  asterisk 
(*)  or  dollar  sign  ($)  in  column  1  are  treated  as 
comment  cards.  Information  on  such  a  card  is  printed 
in  the  input  echo  portion  of  program  output,  but  is 
ignored  by  the  program. 


•  A  data  card  may  be  terminated  by  an  asterisk  or  dollar 
sign  preceded  and  followed  by  a  space.  All  information 
to  the  right  of  the  asterisk  or  dollar  sign  on  such  a 
card  is  treated  as  a  comment  and  will  be  printed  in  the 
input  echo  but  will  be  ignored  by  the  program. 

•  Data  may  be  continued  on  more  than  one  card  by  punching - 
a  blank  followed  by  a  plus  sign  (+)  as  the  last  data 
item  on  a  card  not  including  comments.  For  example, 

the  following  three  cards: 

DEBT  30  + 

INTEREST  11  + 

RETURN  18 

are  equivalent  to 

DEBT  30  INTEREST  11  RETURN  18 
3.2  INPUT  DECK  ORGANIZATION 

The  input  dats.  deck  for  a  given  run  (or  "job")  may  contain  a  data  set  for 
a  single  case,  or  it  may  contain  data  sets  for  several  cases  to  be 
processed  in  series.  The  data  set  for  a  case  is  terminated  either  by  the 
declaration  "END  CASE"  or  by  "END  JOB."  After  the  last  data  set  of  the 
run,  supply  "END  JOB."  After  each  prior  data  set,  supply  "END  CASE." 

The  data  set  for  each  case  is  divided  into  the  following  eight  sections: 
e  Title  and  descriptive  information 

e  Plant  data 

e  Coal  data 

e  Utility  data 

e  Economic  data 

e  Reformulation  data 
e  Comparison  data 

e  Conaercial  data 

The  title  and  descriptive  information  section  must  come  first.  The  other 
sections  may  be  presented  in  any  order.  Some  sections  may  be  omitted; 
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such  sections  will  be  clearly  noted  in  the  descriptions  below.  Within  a 
section,  data  items  may  be  omitted  unless  otherwise  noted.  When  a  data 
item  is  to  be  omitted,  both  the  key  word  and  any  numerical  values 
following  it  should  be  omitted.  The  discussion  below  will  indicate  the 
default  values  of  all  variables. 

3.3  TITLE  AND  DESCRIPTIVE  INFORMATION 

The  title  and  descriptive  information  section  must  be  the  first  section 
of  a  case  data  set.  The  first  card  must  be  the  title  card.  It  must  have 
an  asterisk  (*)  or  dollar  sign  ($)  in  Column  1.  The  remaining  columns  of 
the  card  contain  the  title  that  will  be  printed  at  the  top  of  output 
pages . 

The  user  may  put  additional  comment  cards  in  this  section  to  describe  the 
case  and  the  purpose  of  the  run.  These  cards  will  appear  in  the  input 
echo  but  will  be  ignored  by  the  program 

3.4  PLANT  DATA 

The  first  entry  for  the  plant  data  section  is  the  following  declaration 
appearing  by  itself  on  the  first  card  of  the  section: 

PLANT  DATA 

The  next  card  contains  two  variables  as  data  items.  The  card  is  as 
follows,  where  r  denotes  a  real  number: 

PEAK  LOAD  rl  LOAD  FACTOR  r2 

The  order  of  data  items  on  the  card  is  not  important.  If  a  data  item  is 
omitted,  a  default  value  is  supplied  by  the  program. 

The  definitions  of  the  variables  on  the  first  card  are  as  follows: 
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Numerical 

Default 

Key  Word 

Value 

Definition 

Units 

Value 

PEAK  LOAD 

rl 

Peak  heating  steam 

1000- lb 

load  of  the  plant 

hr 

0.0 

LOAD  FACTOR 

r2 

Annual  plant  load 

decimal 

factor 

fraction 

0.0 

Note  that  the  information  on  card  1  could  be  placed  on  a  single  card,  or 
could  appear  on  two  cards  in  any  order. 


3.5  COAL  DATA 

This  section  describes  the  coal  to  be  used.  The  first  card  of  the 
section  aust  contain  the  declaration 

COAL  DATA 


On  a  subsequent  card  in  the  section,  the  user  supplies  the  following, 
where  r  signifies  a  real  nuaber: 


PRICE  rl  DIR  r2 


These  variables  are  defined  as  follows: 


Numerical 

Defsult 

Key  Word 

Value 

Definition 

Units 

Value 

PRICE 

rl 

Delivered  price  of  coal 

%/  ton 

0.0 

DIR 

r2 

Differential  inflation 
rate  of  coal 

l/yr 

0.0 

3.6  UTILITY  DATA 

This  section  provides  rate  information  for  labor,  purchased  energy, 
water,  and  scrubber  chemicals.  The  first  card  of  the  section  must 
contain  the  following  declaration: 


UTILITY  DATA 


Subsequent  cerds  that  may  be  supplied  are  as  follows,  where  r  signifies  a 
real  number : 


MANHOURS  rl 
ELECTRIC  r2  DIR  r6 
GAS  r3  DIR  r7 
OIL  rA  DIR  r8 
STEAM  r5  DIR  r9 

The  rate  variables  in  the  cards  above  are  defined  as  follows: 

Numerical  Default 


Key  Word 

Value 

Definition 

Units 

Value 

MANHOURS 

rl 

Labor  rate 

$ /manhour 

0.0 

ELECTRIC 

r2 

Electricity  rate 

$/kWh 

0.0 

GAS 

r3 

Natural  gas  rate 

$  per  thousand 
standard  cubic 
feet 

0.0 

OIL 

rA 

Fuel  oil  rate 

i/gallon 

0.0 

STEAM 

r5 

Auxiliary  steam  rate 

$/ 1000-lb 

0.0 

All  ratea  must 

be  in 

display  year  dollars.  The 

key  work  DIR  on 

the  cards 

above  denotes  the  differential  inflation  rate  for  the  purchased  energy 
connodity  preceding  it  on  the  line.  The  numerical  values  r6,  r7,  r8,  and 
r9  are  expressed  in  percent  per  year. 

The  default  value  for  each  DIR  is  sero. 

3.7  ECONOMIC  DATA 

This  section  describes  economic  parameters.  The  first  card  of  this 
section  contains  the  following  declaration: 


ECONOMIC  DATA 


Three  cards  oust  now  be  supplied.  The  data  items  on  each  card  must  be 
supplied  in  the  order  shown.  The  three  cards  are: 

STARTUP  YEAR  il  MONTH  i2 
DISPLAY  YEAR  i3  MONTH  i4 
COST  INDEX  rl 

In  the  above,  i  designates  an  integer  and  r  designates  a  real  number. 
The  integers  on  the  first  and  second  cards  above  are  input  as  follows: 

11  -  the  startup  year,  in  four  digits 

12  -  the  startup  month,  an  integer  between  1  and  12 

(if  omitted,  1  is  assumed) 

13  -  the  display  year,  in  four  digits 

14  -  the  display  month,  an  integer  between  1  and  12 

(if  omitted,  1  is  assumed) 

The  cost  index  card  presents  a  value  for  the  cost  index  published  by 
Chemical  Engineering  Magazine. 

The  number  rl  on  the  cost  index  card  is  the  display  year  value  of  the 
cost  index. 

Poliowing  the  three  cards  above,  a  schedule  card  mist  be  supplied.  This 
card  has  the  form: 

SCHEDULE  rl  r2  r3  r4  rS 

The  numbers  rl,  r2,  etc.  are  percentages  of  the  construction  costs  in 
years  preceding  startup  of  plant  operation,  counting  backwards  from 
startup.  The  percentages  must  fedd  up  to  100  percent.  For  construction 
periods  shorter  than  five  years,  only  those  percentages  that  are  nonzero 
aust  be  entered. 
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Three  additional  data  items  may  be  supplied  on  one  or  more  card  in  any 
order.  Shown  on  a  single  card,  these  are  as  follows: 

LIFE  rl  SALVAGE  r2  DISCOUNT  r3 

Here,  r  designates  a  real  number.  The  variables  are  defined  as  follows: 


Key  Word 

Numerical 

Value 

Definition 

Units 

Default 

Value 

LIFE 

rl 

Economic  life  of  the 
plant 

Years 

25.0 

SALVAGE 

r2 

Salvage  value  of  plant 
at  end  of  economic  life 

Thousands 
of  dollars 

0.0 

DISCOUNT 

r3 

Navy  constant  dollar 
discount  rate 

Percent /year 

10.0 

3.8  REFORMULATION  DATA 

This  section  presents  coal-use  project  costs  that  will  be  reformulated  by 
COALR.  The  first  card  of  the  section  is  the  declaration: 


REFORMULATION  DATA 

The  following  additional  cards  are  then  supplied,  where  r  signifies  a 
real  number: 


Construction 

rl 

INDEX 

rlO 

Startup 

r2 

INDEX 

rll 

Coal 

r3 

RATE 

rl2 

Electric 

r4 

RATE 

rl3 

Gas 

r5 

RATE 

rl4 

Oil 

r6 

RATE 

rl5 

Steam 

r7 

RATE 

rl6 

Labor 

r8 

RATE 

rl7 

Other  Annual 

r9 

INDEX 

rl8 
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The  variable*  on  the  left  are  the  coal-use  project  costs  in  the  dollars 
of  some  reference  year.  The  variables  are  defined  as  follows: 


Nuserical 


Key  Word 

Value 

Definition 

Units 

CONSTRUCTION 

rl 

Total 

construction  cost 

*1000 

STARTUP 

r2 

Startup  cost 

*1000 

COAL 

r3 

First 

year  coal  cost 

*1000 

ELECTRICITY 

r4 

First 

cost 

year  electricity 

*1000 

GAS 

r5 

First 

cost 

year  natural  gas 

*1000 

OIL 

r6 

First 

year  fuel  oil  cost 

*1000 

STEAM 

r7 

First 

year  auxiliary 

steam 

cost 

*1000 

LABOR 

r8 

First 

year  labor  cost 

*1000 

OTHER  ANNUAL 

r9 

First 

year  material  and 

*1000 

subcontract  costs 


Default 

Value 


0.0 

(11  percent 
of  construction) 
0.0 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


The  variables  to  the  right  on  the  cards  define  price  levels  for  the 
reference  year  of  the  project  costs.  These  variables  are  defined  as 
follows: 


Nuserical  Default 


Key  Word 

Value 

Definition 

Units 

Value 

INDEX 

rlO 

Cost  index  for  construction 

dimensionless 

0.0 

INDEX 

rll 

Cost  index  for  startup 

dimensionless 

0.0 

RATE 

rl2 

Price  of  coal 

*/ton 

0.0 

RATE 

rl3 

Price  of  electricity 

*/kWh 

0.0 

RATE 

rl4 

Price  of  gas 

*  per  thousand 

. 

standard  cubic 

feet 

0.0 

RATE 

rl5 

Price  of  oil 

*/gallon 

0.0 

RATE 

rl6 

Price  of  auxiliary  steam 

*/103  lb 

0.0 

RATE 

rl7 

Price  of  labor  (including 

benefits  and  supervision) 

*/swnhour 

0.0 

INDEX 

rl8 

Cost  index  for  first  year 

material  and  subcontracts 

dimensionless 

0.0 
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The  cost  index  to  be  used  is  that  published  by  Chemical  Engineering 
magazine.  If  a  price  level  variable  is  0.0,  the  program  will  assume  that 
the  corresponding  project  cost  variable  is  in  display  year  dollars. 

3.9  COMPARISON  DATA 

This  section  determines  the  type  of  base  case  against  which  the  coal-use 
plant  is  compared.  The  first  card  of  this  section  contains  the 
declaration: 

COMPARISON  DATA 

The  next  card  contains  one  of  the  following  two  alternative  declarations: 
Alternative  Declaration  Interpretation 

BURN  OIL  A  base  case  of  burning  fuel  oil  in 

existing  boilers  is  selected. 

BURN  GAS  A  base  case  of  burning  natural  gas  in 

existing  boilers  is  selected. 

3.10  COMMERCIAL  DATA 

This  section  describes  private  sector  financial  assumptions.  The  first 
card  of  this  section  contains  the  following  declaration: 

COMMERCIAL  DATA 

The  second  card  of  the  section  is: 

INFLATION  rl 

Here,  rl  is  the  general  inflation  rate  in  percent/year. 

The  third  card  of  the  section  defines  the  private  sector  capital 
structure  as  follows: 


DEBT  rl  INTEREST  r2  RETURN  r3 


Again,  r  signifies  a  real  number.  The  variables  are  defined  as  follows: 


Key  Word 

Numerical 

Value 

Definition 

Default 

Units  -Value 

DEBT 

rl 

The  amount  of  the  project 
capital  that  is  financed 
by  debt 

Percent  30.0 

INTEREST 

r2 

The  current  dollar  rate 
of  interest  on  debt 

Percent 

per  year  11.0 

RETURN 

r3 

The  current  dollar  rate 
of  return  on  equity 

Percent 

per  year  18.0 

The  fourth  card  of  the  section  contains  one  of  the  following  two 
alternative  declarations: 

Alternative  Declaration  Interpretation 

PRIVATE  A  venture  structure  is  selected  that  is 

third  party  financed  and  third  party 
operated  (all  private). 

THIRD  PARTY  A  venture  structure  is  selected  that  is 

third  party  financed  and  Navy  operated. 

If  the  third  party  alternative  is  selected,  the  following  additional 
variable  may  be  supplied  on  the  same  or  following  card: 


LEASE  LIFE  rl 


Here,  rl  is  the  duration  of  the  lease  agreement  between  the  third  party 
and  the  Navy,  expressed  in  years.  The  default  value  is  15  years. 

The  next  two  cards  define  tax  information.  They  are  of  the  following 
form,  where  r  is  a  real  number: 


INCOME  TAX  RATE  rl  CREDIT  r2 
PROPERTY  TAX  PERCENT  r3 


These  variables  are  defined  as  follows: 

Numerical 


Default 


Key  Word 

Va  lue 

Interpretation 

Units 

_  Value 

INCOJff 

TAX  RATE 

rl 

Federal  plus  state 
corporate  income 
tax  race 

Percent  of 
annual  tax¬ 
able’  income 

50.0 

CREDIT 

r2 

Investment  tax 
credit 

Percent  of 
investment 

10.0 

PROPERTY 

TAX 

PERCENT 

r3 

Annual  property 
tax  rate 

Percent  of 
total  capital 
requirement 
per  year 

2.0 

The  last  card  defines  the  calculation  of  depreciation  for  tax  purposes. 
The  card  has  the  form: 

DEPRECIATION  a  LIFE  rl 

In  the  above,  a  is  one  of  the  following  two  alternative  declarations 
about  the  method  for  computing  year-by-year  depreciation: 


Alternative  Declaration 


DEPRECIATION  SOYD 

DEPRECIATION  ACRS 


Interpretation 


The  sum  of  the  year's  digits  method  is 
selected. 

The  accelerated  capital  recovery  method 
is  selected.  (The  default  is  the  ACRS 
method. ) 


On  the  last  card  above,  the  number  rl  is  the  plant  life  for  tax 
depreciation  purposes,  expressed  in  years.  The  default  value  is  5  years. 
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PROGRAM  OUTPUT 

This  section  describes  the  output  of  COALR.  The  basis  for  the  discussion 
in  this  section  will  be  the  example  of  the  output  of  two  typical  run 
cases,  selected  to  demonstrate  both  commercial  options  of  the  program. 

The  outputs  for  these  two  cases  are  Tables  A-l  and  A- 2  in  Appendix  A. 

The  output  of  the  example  run  contains  the  following  parts: 

•  An  echo  of  input  data 

•  Financial  analysis  reports 

Each  of  these  parts  is  described  briefly  below. 

4.1  INPUT  DATA  ECHO 

The  first  part  of  each  output  is  the  input  data  echo.  The  input  data 
echo  is  divided  into  two  segments: 

•  Blind  echo 

•  Interpretive  echo 

The  blind  echo  is  merely  an  inmediate  reprinting  in  the  output  of  the 
data  fed  in  as  input.  The  blind  echoes  of  the  example  runs  are  shown  on 
the  first  page  of  Table  A-l  and  the  first  page  of  Table  A-2  under  the 
heading  "Input  Data  Listing."  For  both  examples,  the  input  was  prepared 
in  the  sequence  indicated  in  Section  3.  The  example  input  makes 
extensive  use  of  comments  in  order  to  clearly  label  the  units  and 
interpret  input  variables  and  declarations.  This  procedure  may  be  useful 
for  other  users. 


The  interpretive  echo  proves  to  the  user  that  his  input  data  has  been 
correctly  stored  in  program  internal  variables.  In  Table  A-l  the 
interpretive  echo  is  displayed  in  three  pages. 

4.2  FINANCIAL  ANALYSIS  REPORTS 

The  final  part  of  the  output  presents  the  financial  analyses  reports 
generated  by  the  coal-use  economics  methodology  developed  under  Phase  I 
of  the  contract  (References  2-4  and  2-5).  The  last  9  pages  of  Table  A-l 
present  the  financial  analysis  reports  generated  for  the  first  example 
case.  The  reports  in  Table  A-l  describe  the  following  two  ventures  which 
can  be  compared  side-by-side: 

•  A  Navy  f inane ed/ Navy  operated  venture 

•  A  third  party  f inanced/Navy  operated  venture 

The  titles  of  the  reports  in  Table  A-l  are  as  follows: 

•  Navy  present  values  in  display  year  dollars 

•  Navy  levelized  costs  in  display  year  dollars 

•  Navy  life  cycle  cost  and  benefit  analysis 

0  Navy  present  values  in  startup  year  dollars 

•  Navy  levelized  costs  in  startup  year  dollars 

•  Third  party  financing  investor  cash  flows  during 
contruction  period 

•  Third  party  financing  investor  cash  flows  during 
operating  period 

•  Third  party  financing  Navy  cash  flows  during  operating 
period 

•  Summary:  Navy  f inanced/Navy  operated  venture  vs.  third 
party  financed/Navy  operated  venture 

The  reports  for  the  second  case  describe  the  followi  g  two  ventures  which 
can  be  compared  side  by  side: 


•  A  Navy  f inanced/Navy  operated  venture 

•  A  privately  financed/privately  operated  venture 

For  the  second  example  case,  COALR  generates  the  same  Navy  reports  as  in 
Table  A-l.  Table  A- 2  contains  only  resports  for  the  second  example  case 
which  are  different  from  those  in  Table  A-l.  These  are  as  follows: 

•  Private  venture  investor  cash  flows  during  construction 
period 

•  Private  venture  cash  flows  during  operating  period 

•  Private  venture  minimum  revenue  requirement  discounting 
with  weighted  cost  of  capital 

•  Private  venture  minimum  revenue  requirement  discounting 
with  return  on  equity 

•  Summary:  Navy  f inanced/Navy  operated  venture  vs 
privately  financed/privately  operated  venture 


Section  5 


PROGRAM  EXECUTION 

This  section  presents  instructions  for  executing  COALR  on  the  computer 
designated  KWA  at  Control  Data  Corporation's  Western  Cybernet  Center  in 
Sunnyvale,  California.  Instructions  are  provided  for  execution  in  either 
of  the  following  modes: 

•  Batch 

•  Demand  (through  the  SUBMIT  command) 

Instructions  are  provided  for  the  following  three  operations: 

•  Run  COALR  with  user  input  cases 

•  Run  COALR  with  EXAMP LR  sample  input  cases 

•  Generate  a  compilation  listing  of  COALR 

The  instructions  for  the  operations  above  utilize  the  procedure  file, 
COALPRC,  which  is  a  permanent  public  file  under  user  number  L6016GS. 
Procedures  in  File  COALPRC  automatically  retrieve  program  files,  data 
tables,  and  sample  and  test  input  data  from  a  program  tape  and  provide 
routine  control  statements  to  complete  a  run. 

5.1  BATCH  MODE  EXECUTION 

Batch  mode  execution  is  accomplished  by  submission  of  a  deck  of  run 
cards.  This  run  deck  consists  of  the  following  set  of  cards  in  the  order 
shown: 

•  Identification  cards 

•  Procedure  cards 

•  An  end-o f-record  card 
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•  Input  data  cards 

•  An  end -of -in format ion  card 

Bach  of  these  is  discussed  below. 

5.1.1  Identification  Cards 

Table  5-1  displays  typical  identification  cards  for  use  of  COALR.  The 
table  provides  a  brief  explanation  of  the  contents  of  each  card.  This 
explanation  is  provided  for  information  only.  Since  several  of  the  cards 
are  user-specific  and  installation-specific,  the  user  must  consult  local 
Control  Data  Corporation  representatives  for  assistance  in  preparing 
correct  identification  cards. 

5.1.2  Procedure  Cards 

These  cards  will  perform  the  required  operations  to  run  COALR.  They  are 
the  same  in  batch  and  demand  mode.  They  are  discussed  in  Section  5.3. 

5.1.3  End-of-Record  Card 

After  the  laat  procedure  card,  an  end~of-record  card  must  be  placed.  It 
consists  of  the  numerals  7,  8,  and  9  punched  in  column  1.  It  is  used  if 
input  data  cards  follow. 

5.1.4  Input  Data  Cards  • 

User  input  data  cards  are  placed  after  the  end-of-record  card.  If  the 
procedure  needs  no  user  input  data,  or  if  the  required  data  is  to  be 
obtained  from  a  disc  file,  no  input  cards  are  to  be  provided,  and  the 
preceding  end-of-record  card  is  deleted. 

5.1.5  End-of-Information  Card 

After  the  last  input  data  card  (or  last  procedure  card  if  there  are  no 
input  data  cards),  an  end-of-information  card  must  be  placed.  It 
consists  of  the  numerals  6,  7,  8,  and  9  punched  in  column  1. 


GET,FILENAM.  (Thie  card  it  optional,  and  ia  uaad  GET  indicates  that  a  data  file  ia  to  be  nade  a  local  file  for  the 

if  input  data  ia  on  diac  rather  user's  run. 

than  on  carda.)  FILE NAM  ia  the  naae  of  the  data  file. 
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DEMAND  MODE  EXECUTION 


Demand  node  execution  from  a  timesharing  terminal  is  accomplished  by  the 
following  steps: 

e  Creation  of  a  disc  file  containing  the  job  control 
statements 

•  Submission  of  the  file  as  a  remote  batch  job 
5.2.1  Creation  of  Job  Control  File 


From  a  timesharing  terminal,  the  user  can  create  a  job  control  file  using 
the  text  editor^.  The  file  may  be  of  either  of  the  following  two 
forms: 


•  The  statements  and  data  lines  are  identical  to  the 
cards  of  the  equivalent  batch  job  deck. 

a  Most  statements  are  identical  to  cards  in  the 

equivalent  batch  job  deck.  An  interpretive  feature 
permits  substituting  commands  that  may  be  shorter  for 
soae  statements. 


Table  5-2  describes  a  typical  demand  mode  job  control  file  that  includes 
the  interpretive  feature.  When  working  from  the  terminal,  it  is  usually 
most  convenient  to  prepare  input  data  as  a  separate  file  rather  than  to 
include  it  in  the  job  control  file.  In  that  case,  the  data  file  is 
brought  into  the  job  by  the  GET  command  shown  in  Tables  5-1  and  5-2. 

5.2.2  Submission  of  Job  Control  File 

Submission  of  the  job  from  the  terminal  is  accomplished  by  the  lines 
shown  in  the  following  example: 

GET.JCFILE 
SUBMIT,  JCFILE 


(1)  For  instructions  on  the  use  of  the  XEDIT  text  editing  system,  the 
user  should  consult  Control  Data  Corporation  documentation. 
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In  the  first  line,  the  GET  eoonand  brings  the  disc  file  named  JCFILE  into 
the  user's  computer  workspace.  JCFILE  is  the  file  of  job  control 
statements.  In  the  second  line,  the  SUBMIT  coomand  submits  file  JCFILE 
as  the  job  control  statements  for  a  remote  batch  job. 

5.3  PROCEDURE  STATEMENTS 

Procedure  file  COALPRC  contains  a  series  of  procedures  to  carry  out 
operations  with  CQALR.  Brief  procedure  statements  will  then  permit  the 
user  to  execute  the  procedures.  The  following  paragraphs  explain  the 
procedure  statements  for  three  operations  with  CQALR. 

5.3.1  Run  with  User  Input  Cases 

To  run  COALR  with  input  cases  prepared  by  the  user,  include  the  following 
procedure  statements  as  cards  or  file  lines: 

GET , COALPRC/UN-L60 16GS . 

BEGIN , RUSRDAT , COALPRC , 1“ FILE NAM . 

In  the  first  card,  the  coomand  GET  makes  the  procedure  file  COALPRC  a 
local  file  for  the  user's  run.  In  the  second  card,  the  comswnd  BEGIN 
executes  a  procedure  named  RUSRDAT  which  is  found  in  file  COALPRC. 

FILENAM  is  the  name  of  the  user's  file  containing  input  cases.  This  file 
may  be  on  disc,  or  it  may  be  the  file  created  when  input  data  cards  or 
lines  are  read  into  the  computer  with  the  job  control  deck. 

5.3.2  Run  with  EXAMP LR  Sample  Input  Case 

The  sample  output  of  Appendix  A  is  generated  by  a  run  with  an  input  data 
file  labeled  EXAMPLR.  To  replicate  that  run,  include  the  following 
procedure  statements  as  cards  or  file  lines: 

GET , COALPRC /UN-L60 1 6GS . 

BEGIN, RXPLDAT , COALPRC . 
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In  the  first  card,  the  command  GET  makes  the  procedure  file  COALPRC  a 
local  file  for  the  user's  run.  In  the  second  card,  the  command  BEGIN 
executes  a  procedure  named  RXPLDAT  which  is  found  in  file  COALPRC. 

5.3.3  Generation  of  Compilation  Listin 


To  generate  a  compilation  listing  of  COALR,  include  the  following 
procedure  statements  as  cards  or  file  lines: 

GET, COALP RC/UN=L6016GS 
BEGIN , RLSTCOD .COALPRC . 

In  the  first  card,  the  command  GET  makes  the  procedure  file  COALPRC  a 
local  file  for  the  user's  run.  In  the  second  card,  the  command  BEGIN 
executes  a  procedure  named  RLSTCOD  which  is  found  in  file  COALPRC. 

5.4  RESOURCES  REQUIRED  TO  EXECUTE  PROCEDURES 

Table  5-3  indicates  the  computer  resources  required  to  execute  principal 
COALR  procedures. 

Table  5-3 

COMPUTER  RESOURCES  REQUIRED 
TO  EXECUTE  COALR  PROCEDURES 


• 

Procedure  Executed 

Word  8 
of  Core 

Central 

Processor 

Time, 

Seconds 

Billing 

Units 

Input/ 
Output  • 
Data  (1) 
Blocksv  ' 

Run  COALR  with  EXAMPLR 
as  input  (contains  four 
cases) 

51,300 

15 

13 

120 

Compile  COALR 

62,000 

50 

40 

560 

(1)  One  input/output  data 

block  consists  of  1280 

characters. 

5* 

-7 

V* 

Section  6 


ERROR  PROCESSING 

6.1  INPUT  EDITING  ERROR  MESSAGES 

Table  6-1  lists  and  interprets  error  messages  that  assist  in  assuring 
integrity  of  the  input  data.  The  input  editing  is  performed  by  the 
program  during  a  run.  The  occurrence  of  an  error  message  indicates  that 
the  input  should  be  corrected  and  a  new  run  submitted. 

6.2  CALCULATION  ERROR  MESSAGES 

The  program  contains  no  error  messages  generated  during  calculations. 
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Table  6-1 


INPUT  ERROR  MESSAGES 


Message 

Infree  error  character,  n, 
"string" 

Error  -  cannot  process  word  n 
on  the  above  card 

Error  -  word  n  on  the  above 
card  should  be  numeric 

Error  -  word  n  on  the  above 
card  should  be  alphabetic 

Error  -  word  n  on  the  above 
card  is  missing 

Error  -  schedule  values  do  not 
add  up  to  100  percent 


Interpretation 

The  nth  character  in  "string" 
cannot  be  interpreted 

The  nth  word  on  the  input  card 
cannot  be  interpreted 

Self  explanatory 


Self  explanatory 
Self  explanatory 


The  percents  of  spending  during 
construction  years  do  not  total 
100  percent.  The  life  cycle  costs 
will  be  erroneous 


YS\ 


Section  7 
TEST  PROCEDURES 

COALR  was  tested  by  detailed  hand  check  of  all  major  calculations  and 
program  options,  and  spot  check  of  program  logic  and  calculations  in 
minor  options. 

Correct  functioning  is  demonstrated  for  major  options  by  the  four  sample 
cases  in  the  EXAMPLR  run  in  Appendix  A,  as  shown  in  Table  7-1.  The  four 
sample  cases  generate  all  the  reports  available  from  COALR,  and  exercise 
the  options  that  will  be  used  most  frequently.  The  calculations 
subjected  to  hand  check  for  the  major  options  are  described  in 
Table  7-2.  The  extensive  intermediate  details  in  the  reports  generated 
by  COALR  lend  themselves  to  direct  independent  check,  which  the  reader 
can  reproduce. 

Spot  checks  for  minor  options  are  described  in  Table  7-3.  A  special  case 
run  was  made  to  test  each  minor  option,  and  correct  function  was 
demonstrated. 
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Table  7-1 


MAJOR  OPTIONS  DEMONSTRATED  BY  RUN  EXAMPLR 

EXAMP LR  CASE 


Option  Demonstrated  1  2  3 

Third  party  f inane ed/Navy  operated  venture  X  X 

Privately  financed/privately  operated 

ventures  X 

Depreciation  calculated  by  the  accelerated 

capital  recovery  system  (ACRS)  X  X 

Depreciation  calculated  by  the  sum-of-the- 

years-digits  (SOYD)  method  X 

Oil-fired  base  case  XXX 


Gas-fired  base  case 


Table  7-2 


CALCULATIONS  VERIFIED  BY  HAND 
CHECK  FOR  MAJOR  PROGRAM  OPTIONS 


Calculation 

Reforaulation  of  project  cost  data 


Navy  present  values 


Navy  levelized  costs 

Navy  year-by-year  costs  and 
benefits  analysis 


Commercial  cash  flows  during 
construction  period 

Third  party  cash  flows  during 
operating  period 


Navy  cash  flows  during  operating 
period 


Private  venture  cash  flows  during 
operating  period 


Private  venture  minimum  revenue 
requirements 

Summaries 


Method  of  Verification 

Calculation  of  display  year  costs 
from  indices,  rates,  input  costs 

Calculation  of  discount  factors 
from  formula.  Navy  tables  (Ref.  7-1) 

Calculation  of  levelizing  factors 

Check  calculations  for  first,  last, 
and  representative  intermediate 
years;  check  of  statistics  formed 
from  totals 

Check  of  all  table  entries 


Check  calculations  for  total 
levelized  lease,  and  for  first, 
last,  and  key  intermediate  years 

Check  of  Navy  present  value  of 
lease  payments  for  key  years,  check 
of  statistics  formed  from  totals 

Check  calculations  for  first,  last, 
and  key  intermediate  years;  check 
of  statistics  formed  from  totals 

Check  of  all  present  value  and 
levelizing  factors,  check  of  all 
sums,  products,  and  quotients 

Check  of  all  table  entries 
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Table  7-3 


MINOR  OPTIONS  VERIFIED  BY  SPOT  CHECK 


Minor  Option 

Hon-sero  salvage  value 

Display  year  that  follows  the 
startup  year 

Omitting  several  operating  cost 
items  from  UTILITY  DATA  and 
REFORMULATION  DATA 

Cogeneration 


Feature  Verified 

Correct  treatment  in  each  report 
Correct  discount  factors 

Correct  default  values 

Correct  handling  of  net  cogeneration 


Section  8 


CODE  DESCRIPTION 


This  section  describes  the  code  of  COALR  and  includes  the  following 
topics: 

•  Hierarchy  diagram 

•  Subroutine  descriptions 

•  Logic  flow  diagrams 

•  Common  blocks 

•  Files 


8.1  HIERARCHY  DIAGRAM 

Figure  8-1  is  a  hierarchy  diagram  for  COALR.  The  diagram  indicates  the 
calling  hierarchy  of  subroutines  and  functions.  The  executive  routine  is 
COALR.  Routine  COALR  calls  subroutines  below  it  that  are  connected  to  it 
by  solid  lines.  These  subroutines  in  turn  may  call  other  subroutines  or 
functions  further  below,  etc.,  down  to  three  levels  of  subordination.  On 
the  diagram,  rectangles  are  used  for  the  executive  routine,  block  data, 
and  subroutines.  Ovals  are  used  for  functions. 

During  a  run  COALR  calls  subroutines  from  left  to  right  along  the 
diagram.  The  subroutines  called  by  COALR  fall  into  the  following  four 
groups : 

•  The  message  routine 

•  Case  run  input  routines 

•  The  cost  reformulation  routine 

•  Financial  analysis  routines 


8.2 


SUBROUTINE  DESCRIPTIONS 


The  subroutines  and  functions  in  the  program  are  described  briefly  below. 


8.2.1  The  Message  Routine 

MESAGR  writes  an  identification  block  on  the  front  page  of  each  program 


8.2.2  Case  Run  Input  Routines 

INPRl  reads  plant,  coal,  and  utility  input  data  and  stores  it  in  internal 
variables.  INPR2  reads  economic  data  on  schedule  and  Navy  financial 
parameters.  INPR3  reads  reformulation  data,  comparison  data,  and 
commercial  data.  WRTINR  writes  the  interpretive  echo  of  the  case  input 
data. 

Four  utility  routines  assist  input  interpretation.  LINP  examines  each 
new  line  of  input  to  determine  whether  it  is  a  section  declaration. 

1NFREE  actually  reads  each  new  line  character  by  character  and  separates 
words  from  numbers.  LINPS  compares  input  words  with  expected  key  words 
within  each  section  of  data.  LINPCK  checks  whether  a  variable  is  numeric 
or  alphanumeric. 

8.2.3  The  Cost  Reformulation  Routine 

The  cost  reformulation  routine  CALCR  converts  the  reformulation  project  • 
costs  into  display  year  dollars. 


8.2.4  Financial  Analysis  Routines 

ECONR  serves  as  an  executive  routine  to  manage  calls  to  the  financial 
routines.  NEC0N1  calculates  present  values  and  levelized  costs  for  a 
Navy  f inanced/Navy  operated  venture.  NEC0N2  calculates  year-by-year 
costs  and  benefits  for  such  an  all-Navy  venture.  SA  calculates  the  Navy 
discount  factor  for  a  one-time  cash  flow.  CUS  calculates  the  Navy 
cumulative  uniform  series  discount  factor  for  a  series  of  annual  cash 
flows . 


Commercial  economic  calculations  are  carried  out  by  11  subroutines  and 
functions.  CEC0N1  calculates  private  venture  minimum  revenue 
requirements.  CEC0N2  calculates  private  or  third  party  investor  cash 
flows  during  the  construction  period.  CEC0N3  calculates  third  party 
investor  cash  flows  during  the  operating  period.  CEC0N4  calculates 
private  venture  cash  flows  during  the  operating  period.  CEC0N5 
calculates  Navy  cash  flows  during  the  operating  period  for  a  third  party 
f inanced/Navy  operated  venture.  ECONS  prints  summary  reports. 

Five  utility  functions  assist  the  commercial  economic  calculations. 

DEPFAC  calculates  the  fraction  of  capital  depreciated  each  year.  AFROMP 
calculates  the  factor  to  form  an  annuity  from  a  present  value.  PFROMA 

calculates  the  factor  to  form  a  present  value  from  an  annuity.  PFROMF 

calculates  the  factor  to  form  a  present  value  from  a  future  value. 

FFROMP  calculates  the  factor  to  form  a  future  value  from  a  present  value. 

8.3  LOGIC  FLOW  DIAGRAMS 

This  section  provides  logic  flow  diagrams  for  the  financial  calculations 
that  were  sumarized  in  Figure  1-3.  Figure  1-3  showed  that  project  costs 
are  reformulated  to  display  year  dollars  in  subroutine  CALCR,  and  then 
all  financial  calculations  are  made  by  or  called  from  ECONR.  Figures  8-2 
through  8-8  (presented  at  the  end  of  this  section)  provide  logic  flow 
diagrams  for  subroutines  NEC0N1,  NEC0N2 ,  CEC0N2 ,  CEC0N3,  CECON5,  CEC0N4, 
and  CEC0N1 ,  respectively. 

8.4  COMMON  BLOCKS 

COALR  has  a  number  of  blocks  of  common  variables  that  are  shared  by 
program  routines.  Incidence  Table  8-1  presented  at  the  end  of  this 
section  lists  the  common  blocks  and  routines  and  indicates  where  they 
coincide. 

8.5  FILES 

COALR  is  composed  of  a  number  of  files  available  to  the  user.  These  are 
stored  on  tape  for  use  with  Control  Data  Corporation's  Western  Cybernet 
Center's  computer  designated  KWA  in  Sunnyvale,  California.  The  COALR 


files  and  their  functions  are  listed  in  Table  8-2  at  the  end  of  this 
section.  The  read-only  program  tape  containing  these  files  is  designated 
COLCONV,  and  is  assigned  to  NCEL  user  number  L6016GS.  The  files  are 
retrieved  from  this  tape  by  the  procedures  for  running  the  programs  which 
are  described  in  Section  5.  Users  should  contact  the  NCEL  Data 
Processing  Center  if  they  desire  to  use  the  tape  and  files  in  a  way  other 
than  specified  in  the  procedures. 


ENTER 
NECON  1 


81 


*31 


•«l 


! 


EXIT 
NECON  1 


Figure  8-2  LOGIC  FLOW  DIAGRAM  FOR  SUBROUTINE  NECON  1, 
CALCULATION  OF  NAVY  PRESENT  VALUES 
AND  LEVELIZED  COSTS  (REPORTS  1,2,4  AND  5) 

8-6 
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Figure  8-3  LOGIC  FLOW  DIAGRAM  FOR  SUBROUTINE  NECON  2, 

CALCULATION  OF  NAVY  COST  AND  BENEFIT  ANALYSES 
(REPORT  3) 


Figure  8  4  LOGIC  FLOW  DIAGRAM  FOR  SUBROUTINE  CECON  2 
CALCULATION  OF  INVESTOR  FLOWS 
OURING  CONSTRUCTION  PERIOD 
(REPORTS  6  AND  9) 


Figure  8-7  LOGIC  FLOW  DIAGRAM  FOR  SUBROUTINE  CECON  4, 
CALCULATION  OF  PRIVATE  VENTURE 
CASH  FLOWS  DURING  OPERATING  PERIOD 
(REPORT  10) 


Table  8-1 


gg 
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Routine 


COALR 


BLOCK  DATA 


CALCR 


CECON1 


CECON2 


CECON3 


CECON4 


CECON5 


ECONR 


ECONS 


INFREE 


INPR1 


INPR2 


INPR3 


LINPS 


LINPCK 


MESAGR 


NECON1 


NECON2 


WRTINR 


COALR  COMMON  BLOCK  INCIDENCE  TABLE 
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Table  8-2 


NAMES  AND  FUNCTIONS  OF  COALR  FILES  ON  TAPE  COLCONV 


File  Name  File  Functions 


COALRR 

COALR 

EXAMPLE 


Relocatable  code 
Source  code 
Sample  case  input 
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USE  OF  COALR  TO  REPLICATE 
COMMERCIAL  FINANCIAL  ANALYSES 


One  of  the  objectives  for  the  use  of  COALR  is  replication  of  coal-use 
project  financial  analyses  appearing  in  proposals  or  reports  to  the  Navy 
or  appearing  in  the  technical  literature.  The  range  of  options  and  input 
variables  provided  in  COALR  should  be  sufficient  to  permit  replication  of 
the  results  of  most  coal-use  project  financial  analyses  prepared  by 


others. 


The  difficulty  of  replicating  a  financial  analysis  by  others  will  depend 
on  the  completeness  of  information  provided  on  the  financial  input 
parameters  used  in  the  analysis.  If  all  the  input  variables  required  by 
COALR  are  explicitly  stated  in  the  financial  analysis,  then  replication 
should  be  accomplished  in  a  straightforward  manner  by  COALR  in  a  single 


If  the  input  information  is  incomplete  for  a  given  financial  analysis, 
then  the  user  will  have  to  determine  the  missing  information  by  a  trial 
and  error  procedure  involving  several  runs  of  COALR.  A  rapidly 
converging  trial  and  error  procedure  which  the  user  may  find  convenient, 
is  the  method  of  successive  trials.  This  trial  and  error  procedure  is 
described  in  Appendix  B. 
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Appendix  A 


COALR  OUTPUTS  GENERATED  BY 
RUN  WITH  INPUT  FILE  EXAMPLE  > 

This  appendix  contains  four  case  outputs  generated  by  a  run  with  input 
file  EXAMPLR.  The  case  outputs.  Tables  A-l  through  A-4,  demonstrate  all 
major  program  options,  as  described  in  Section  7. 

The  same  project  capital  costs,  first  year  operating  and  maintenance 
costs,  and  life  cycle  schedule  are  included  in  all  four  cases.  The  four 
cases  differ  only  in  the  choices  made  by  the  user  for  the  venture 
structure,  the  depreciation  calculation  method,  and  the  comparison  fuel. 
Since  all  the  output  deal  with  the  same  project,  several  reports  for 
Cases  2,  3,  and  4  are  identical  with  those  for  Case  1.  Accordingly,  the 
Case  1  output  is  reproduced  in  full  in  Table  A-l.  However,  in 
Tables  A-2,  A-3,  and  A-4,  for  Cases  2  through  4,  only  those  pages  are 
included  that  differ  from  the  corresponding  pages  for  Case  1. 


A-l 


Table  A-l 


CASE  1  -  THIRD  PARTY  FINANCED/NAVY  OPERATED  VENTURE,  - 
ACRS  DEPRECIATION,  COMPARISON  WITH  BURNING  OIL 


INPUT  DATA  LISTING 


*  EXAMPLR  CASE  1 

* 

PLANT  U  AT  A 

PEAK  LOAD  200.  LUAO  FACTOR  .SO 

* 

COAL  DATA 

PRICE  b  3.  (50  OIK  5. 

♦ 

UTILITY  DATA 

OIL  1.007b  DIR  0. 

GAS  4.62  OIK  10. 

ELECTRIC  .06042  DIR  6. 

STEAM  10.3  OIR  6. 

MANHOURS  30. 

* 

ECONOMIC  UATA 

STARTUP  YEAk  1907  MONTH  11 
DISPLAY  YEAR  1902  MONTH  11 
COST  INDEX  315.0 
SCHEOuLE  63.0  37.0 

LIFE  25.  SALVAGE  0.  DISCOUNT  10. 

• 

REF JRMULATIUN  DATA 
CONSTRUCTION  14950  INDEX  216.8 
STARTUP  1640  INOEX  216.0 
CUAL  1540  RATE  30.  ♦  »/T 
ELECTRIC  140  RATE  .033  *  */A*H 
GAS  10  RATE  2.37  *  S/1000-SCF 

OIL  10  RATE  .4734  *  S/GAL 

STEAM  io  RATE  6.00  *  %/  1000-L8 
LABOR  1135  RATE  20.  *  */HR 
OTHER  ANNUAL  800  INDEX  216.8 
* 

COMPARISON  UATA 

burn  oil 

♦ 

COMMERCIAL  0ATA  — 

inflation  6.0 

DEBT  30  INTEREST  11.  RETURN  18. 
THIKO  PARTY  LEASE  LIFE  15. 

INCOME  TAX  RATE  50.  CREDIT  10 
PROPERTY  TAX  PERCENT  2. 

DEPRECIATION  ACRS  LIFE  5"  - - 

• 

E NO  CASE 


EXAMPLR  CASE  1 


PLANT  DATA 


peak  load 

1 1QOO— LB/HRI 

LOAD  FACTOR 

200.00 

.50 

COAL 

OATA 

PRICE 

(OlbPLAY  YEAK  A/TON) 

DIFFERENTIAL 
INFLATION  RATE 
<  PERCENT/YEARI 

53.8 

5.00 

UTILITY  DATA 

RATE 

tOlSPLAY  YEAK  DOLLARS) 

DIFFERENTIAL 
INFLATION  RATE 
(PERCEnT/YEAR) 

ELECTRIC 

•  060A 

✓  Kurt 

6.00 

NANHOURS 

30.0000 

/HOUR 

GAS 

A.bZOO 

/ 1000-CU  FT 

10.00 

STEAK 

10.3000 

/1000-LBS 

O.00 

OIL 

1.0876 

/GALLON 

8  .00 

ALL  COSTS  AM)  FRESENT  VALUES  ARE  REFERENCED  TO  THE  DISPLAY  OATE  “SF  NOVEIMRR  WR 
^IVOO.  BILLION  »TUS  OF  HEAT  ARE  TRANSFERRED  IN  ^S.O  YEARS  OF  OF'RATINC  LIFE 
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Table  A-2 


CASE  2  -  THIRD  PARTY  FINANCED/TH IRD  PARTY  OPERATED 
(ALL  PRIVATE)  VENTURE,  ACRS  DEPRECIATION, 
COMPARISON  WITH  BURNING  OIL 

INPUT  DATA  LISTING 


♦  FXAMPLR  CASE  2 

* 

PLANT  DATA 

PEAK  LOAD  200.  LOAD  FACTOR  .50 

* 

COAL  DATA 

PRICE  53.60  OIR  5. 

* 

UTILITY  DATA 

OIL  1.0876  OIR  8. 

GAS  4.62  OIR  10. 

ELECTRIC  •  C 60 42  OIR  b. 

STEAM  10.3  OIR  6. 

MANHOURS  30. 

* 

ECONOMIC  DATA 

STARTUP  YEAR  1*67  MONTH  11 
DISPLAY  YEAR  1962  MONTH  11 
COST  INDEX  315.0 
SCHEDULE  63.0  37.0 

LIFE  25.  SALVAGE  0.  DISCOUNT  10. 

4 

REFORMULATION  OATA 
CONSTRUCTION  14950  INUEa  216.8 
STARTUP  1640  INOEX  216.8 
COAL  1540  RATE  30.  »  S/T 
ELECTkIC  140  RATE  .033  4  »/K*H 
GAS  10  RATE  2.37  *  W l 000- SC F 

OIL  10  RATE  .4734  4  S/GAL 

STEAM  10  RATE  6.00  4  S/1000-LB 
LABOR  1135  RATE  20.  ♦  %  /HR  ~ 

OTHER  ANNUAL  800  INDEX  216.6 
4 

COMPARISON  DATA 
BUR N  OIL 

4 

COMMERCIAL  OATA 
INFLATION  6.0 

DEBT  30  INTEREST  11.  RETURN  16. 
PRIVATE 

INCOME  TAX  RATE  50.  CREDIT  10 
PROPERTY  TAX  PERCENT  2. 

DEPRECIATION  ACRS  LIFE  5 

4 

ENO  CASE 


TOTAL  ?973*.  3164 8 •  335.  1487.  18383 
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Table  A-3 

CASE  3  -  THIRD  PARTY  FINANCED/NAVY  OPERATED  VENTURE, 
SOYD  DEPRECIATION,  COMPARISON  WITH  BURNING  OIL 


INPUT  DATA  LISTING 


EXAMPlk  CASE  3 


MONTH 

MONTH 


PLANT  DATA 

PEAK  LOAD  200.  LOAD  FACTOR  .SO 

♦ 

COAL  OATA 

PRICE  S3. BO  DIR  5. 

* 

UTILITY  DATA 

OIL  1.0076  OIK  0. 

GAS  4.62  DIR  10. 

ELECTkIC  .06042  OIK  6. 

STEAM  10.3  DIR  6. 

MANHOURS  3C. 

* 

ECONOMIC  OATA 

STARTUP  YEAR  1987  MONTH  11 
OISPLAY  YEAR  1982  MONTH  11 
COST  INOEX  31s. 0 
SCHEOULE  63.0  37.0 

LIFE  25 •  SALVAGE  0.  DISCOUNT  10. 

4 

REFORMULATION  OATA 
CONSTRUCTION  14950  INOEX  216.8 
STARTUP  1640  INOEX  216.8 
COAL  1540  KATE  30.  *  S/T 
ELECTRIC  140  RATE  .033  ♦  S/RnH 
GAS  10  RATE  2.37  •  S/1000-SCF 

OIL  10  RATE  .4734  4  S/GAL 

STEAM  10  RATE  4.00  4  $/ 1000-LB 
LABOR  1135  RATE  20.  ♦  S/HR 
OTHER  ANNUAL  800  INOEX  216.8 
• 

COMPARISON  OATA 
BURN  OIL 
• 

COMMERCIAL  OATA 
INFLATION  6.0 

0E9T  30  INTEREST  11.  RETURN  18. 
THIRD  PARTY  LEASE  LIFE  IS. 

INCOME  TAX  RATE  50.  CREDIT  10 
PROPFRTY  TAX  PERCENT  2. 

DEPRECIATION  SOYO  LIFE  25 

• 

eno  case 


DISCOUNT 


INOEX  216.8 
216.8 
*  S/T 

•033  4  S/RhH 

•  S/1000-SCF 

*  S/GAL 

4  $/ 1000-LB 
.  4  S/HR 
NOEX  216.8 
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Table  A-4 


CASE  4  -  THIRD  PARTY  FINANCED/NAVY  OPERATED  VENTURE, 
ACRS  DEPRECIATION,  COMPARISON  WITH  WITH  BURNING  GAS 


INPUT  DATA  LISTING 


•  FxAMPLk  CASE  4 

♦ 

PLANT  data 

PEAK  LOAD  *00.  LU AO  FACTOR  .DO 

a 

COAL  DATA 

PRICE  53.  80  DIR  5. 

• 

UTILITY  DATA 

OIL  1.087b  DIR  8. 

GAS  4.o*  DIR  10. 

ELECTRIC  .06042  DIR  6. 

STEA*  10.3  DIR  6. 

MANHOURS  30. 
a 

E C0N01I C  DATA 

STARTUP  YEAR  1*67  MONTH  11 
DISPLAY  YEAR  1982  MONTH  11 
COST  INDEX  315.0 
SCHEDULE  63.0  37.0 

LIFE  25.  SALVAGE  0.  DISCOUNT  10. 

a 

REFORMULATION  DATA 
CONSTRUCTION  14950  INDEX  216.8 
STARTUP  1640  INDEX  216.8 
COAL  1540  RATE  30.  a  s/T 
FLECTkl  C  140  KATE  .033  a  »/KnH 
5 AS  10  RATE  2.37  a  W1000-5CF 

OIL  10  RATE  .4734  a  S/GAL 

S  TE AN  10  KATE  6.00  *  5/ 1000-LB 
LABOR  1135  RATE  20.  a  $ /HK 
OTHER  ANNUAL  800  INDEX  216.8 
a 

COMPARISON  OATA 
BURN  GAS 

a 

COMMERCIAL  OATA 
INFLATION  6.0 

0  20  T  30  INTEREST  11.  RETURN  id. 
TMIRO  PARTY  LEASE  LIFE  15. 

INCOME  TAX  RATE  50,  CREDIT  10 

property  tax  percent  2. 

DEPRECIATION  ACRS  LIFE  5 

a 

fno  job 
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Appendix  B 


PROCEDURE  TO  CONVERGE  10  A  DESIRED  OUTPUT 
QUANTITY  BY  A  METHOD  OP  SUCCESSIVE  TRIALS 

One  purpose  of  COALR  is  to  permit  determinetion  of  input  assumptions  that 
are  consistent  with  calculated  quantities  published  in  reports  or 
included  in  proposals  to  the  Navy.  Since  the  calculations  in  COALR 
proceed  from  input  to  calculated  quantities,  and  are  not  reversible,  it 
is  necessary  to  find  the  correct  values  of  input  variables  by  a  search 
procedure'  of  some  kind.  This  appendix  presents  a  search  procedure  that 
is  rapidly  converging  and  easy  to  use.  The  procedure  is  a  method  of 
successive  trials. 


The  method  of  successive  trials  can  be  carried  out  for  either  of  the 
following  two  choices  for  the  input  variables  sought: 

o  Scalar  procedure:  only  a  single  input  variable  is  to 
be  adjusted  by  the  trial  procedure. 

o  Vector  procedure:  two  or  more  input  variables  are  to 
be  adjusted  at  the  same  time  by  the  trial  procedure. 


In  the  scalar  procedure,  the  method  of  successive  trisls  consists  of  the 
following  steps: 

1.  Select  the  input  variable  whose  value  will  be  sought  by 
the  trial  procedure.  Denote  this  variable  by  x. 

2.  Define  a  trial  index  i,  and  initialise  it  to  i  ■  1. 

3.  Prepare  the  input  for  a  first  trial  case,  which 
includes  a  first  trial  value,  X£,  for  variable  x. 

The  first  value  x^  is  arbitrary. 

4.  Make  a  run  for  the  trial  case  with  input  containing  x^, 
and  record  the  resulting  value  y£  of  the  calculated 
quantity. 


5.  Select  en  amount  Ax  by  which  variable  x  will  be 
changed  in  the  next  trial.  The  Ax  aelected  ia 
arbitrary. 

6.  Prepare  an  input  for  a  next  trial  case  in  which  x  has 
the  value  x£+i  ■  xj  ♦  Ax. 

7.  Make  a  run  for  the  trial  case  with  input  containing 
x£+i,  and  record  the  resulting  value  y£+i  of  the 
calculated  quantity. 

8.  Decide  whether  v£+i  is  sufficiently  close  to  the 
desired  value  y°  of  the  calculated  quantity.  If  it 
is,  terminate  the  procedure. 

9.  If  yi+i  is  not  sufficiently  close  to  y^;  calculate 
a  next  change  in  x  given  by 

Ax  -  -<yi+i  -  y°)/s 
where  s  is  the  slope 

•  "  <yi+l  “  yi>/<*i+l  -  *i> 

10.  Increase  the  trial  index  i  by  one  and  return  to  Step  6. 

The  scalar  extrapolation  process  is  described  pictorially  in  Figure  B-l. 
The  procedure  above  is  simply  one  of  linear  interpolation  or 
extrapolation. 


In  the  vector  procedure,  the  method  of  successive  trials  consists  of  the 
following  steps: 

1.  Select  the  set  of  n  input  variables  whose  values  will 
be  sought  by  the  trial  procedure.  Denote  these 
variables  by  a*,  a*,...,an,  and  consider  them 
components  of  a  vector  A  in  an  n-dimensional  vector 
space . 

2.  Define  a  trial  index  i,  and  initialize  it  to  i  ■  1. 


3.  Prepare  the  input  for  a  first  trial  case  which  includes 
first  trial  values  a^J  of  the  components  of  vector 

A.  These  trial  components  make  up  first  trial  vector 
Ai* 

4.  Make  a  run  for  the  trial  case,  and  record  the  value 
y£  of  the  calculated  quantity. 


Figure  B-1  METHOD  OF  SUCCESSIVE  TRIALS  FOR  A  SCALAR  INPUT  VARIABLE 
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5.  Select  e  change  vector  B  with  components 

This  vector  defines  the  direction  of  the  changes  in  A 
bv  the  trial  procedure.  It  may  be  convenient  to  select 
b*  equal  to  one,  so  that  ,  . ...  bn  define  the 
ratio  of  the  changes  in  variables  a* , . . . ,an  to  the 
change  in  variable  a*. 

6.  Introduce  a  trial  parameter  x,  which  defines  the 
changed  value  of  vector  A  through  the  equation 

A  -  A<)  ♦  xB 

where  Aq  is  any  initial  choice  of  vector  A. 

7.  Select  an  amount  Ax  by  which  variable  x  will  be 
changed  in  the  next  trial.  The  A*  selected  is 
arbitrary. 

8.  Enter  Step  6  of  the  scalar  procedure. 


The  vector  extrapolation  process  is  described  pictorially  in  Figure  B-2. 

Table  B-l  indicates  which  input  variables  will  increase  a  calculated 
quantity  and  which  will  decrease  it.  This  information  is  useful  in 
selecting  the  first  two  trial  cases  to  start  the  procedure.  If  the 
vector  procedure  is  selected,  it  is  generally  desirable  to  choose  a 
change  vector  in  which  either  all  the  components  increase  the  calculated 
quantity  or  all  the  components  decrease  the  calculated  quantity. 
Otherwise,  the  effects  of  changes  in  components  may  have  opposing  effects 
trtiich  cancel. 

Figure  B-3  is  a  calculation  form  that  will  guide  the  reader  through  the 
procedure.  Table  B-2  presents  a  sample  calculation  utilising  the  scalar 
procedure.  Table  B-3  presents  a  sample  calculation  utilising  the  vector 
procedure. 


INPUT  VARIABLE  a1 

Figure  B-2  METHOD  OF  SUCCESSIVE  TRIALS  FOR  A  2-  COMPONENT 
VECTOR  OF  INPUT  VARIABLES 


Table  B-l 


DIRECTION  OF  CHANCE  IN  CALCULATED  QUANTITIES 
PRODUCED  BY  INCREASES  IN  INPUT  VARIABLES 


Input  Variable  Increased 

Reformulation  Year  Conatruction  Coat 
Refonulation  Yaar  Startup  Coat 
Reformulation  Year  Annual  Coal  Coat 
Reformulation  Year  Annual  Electricity  Coat 
Reformulation  Year  Annual  Gae  Coat 


Reformulation  Year  Annual  Oil  Cost 

Reformulation  Year  Annual  Auxiliary 
Steam  Coat 

Reformulation  Year  Annual  Labor  Coat 
Reformulation  Yaar  Other  Annual  Costs 
Reformulation  Year  Cost  Index 
Refonulation  Yaar  Coal  Rate 
Reformulation  Year  Electricity  Rate 
Reformulation  Year  Gas  Rate 
Reformulation  Yaar  Oil  Rate 
Reformulation  Yaar  Auxiliary  Steam  Rate 
Reformulation  Year  Labor  Rate 
Display  Year  Coal  Price 
Display  Year  Electricity  Price 
Display  Yaar  Auxiliary  Oil  Rate 
Display  Year  Auxiliary  Gas  Rate 
Display  Year  Auxiliary  Steam  Rate 
Display  Yaar  Labor  Rate 
Display  Yaar  Coal  DIR(3) 


Unit 

Levelised 

Cost 

(constant  3) 

♦<*> 

♦ 

♦ 

♦ 

♦ 

+ 

♦ 

+ 

♦ 


+ 

♦ 

+ 

♦ 

♦ 

♦ 

♦ 


Savings/ 

Investment  Payback 
Ratio  Period 

-<« 

-  + 

♦ 

-  + 

-  ♦ 

-  ♦ 

-  ♦ 

-  ♦ 


+ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦  - 

-  + 

-  ♦ 

-  ♦ 

-  ♦ 

-  ♦ 

-  ♦ 

-  ♦ 


(1)  ♦  •  calculated  quantity  increase*. 

(2)  -  »  calculated  quantity  decreases. 

(3)  DIR  ■  differential  inflation  rate. 

(A)  N/A  *  not  applicable. 

(5)  ?  •  calculated  quantity  could  increase  or  decrease. 
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Table  B-l  (Coat'd) 


Unit 

Levelized 

Cost 

(constant  t) 


Input  Variable  Increased 

Display  Year  Electricity  DIR 
Display  Year  Auxiliary  Oil  DIR 
Display  Year  Auxiliary  Gas  DIR 
Display  Year  Auxiliary  Steaa  DIR 
Display  Year  Alternative  Oil  Rate 
Display  Year  Alternative  Gas  Rate 
Display  Year  Alternative  Oil  DIR 
Display  Year  Alternative  Gas  DIR 
Display  Year  Cost  Index 
Peak  Load 
Load  Factor 
Plant  Life 
Salvage  Value 

Navy  Constant  Dollar  Discount  Rate 
Number  of  Construction  Years 
Years  from  Display  to  Startup  Years 
Inflation  Rate 

Fraction  of  Investaeut  that  is  Debt 
Rate  of  Interest  on  Debt 
Rate  of  Return  on  Equity 
Duration  of  Third  Party  Lease 
Incoae  Tax  Rate 
Incoae  Tax  Credit 
Property  Tax  Percent 
Depreciation  Life 


(1)  ♦  ■  calculated  quantity  increases. 

(2)  -  "  calculated  quantity  decreases. 

(3)  DIR  ■  differential  inflation  rate. 

(4)  M/A  ■  not  applicable. 

(5)  ?  ■  calculated  quantity  could  increase  or  decrease. 


Savings/ 

Investment  Payback 
Ratio  Period 


> V  WVV  > VTA 
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Figure  B-3 
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FORM  FOR  PREPARING  SUCCESSIVE  TRIALS  COMPUTATION  OF  INDEPENDENT 
VARIABLE  X  TO  GIVE  TARGET  DEPENDENT  VARIABLE  Y 


Title  of  Computation 


of  Independent  Variable  x 
of  Dependent  Variable  y 


Target  Value  of  y 

Tabulation  of  Reaulta  of  Succeaive  Triala 


Trial  Huber  i 

Trial  Input  xj:  Units:  _______ 

Calculated  y^:  Unite:  _____ 

Target  Value  of  y° 

Error  in  y  ■  Ayi°  -  (yi  -  y°) 
Computation  of  Next  Trial  Value  of  x 


Correction  Number  j 

Change  in  y  Between  Trials,  Ayj 

Change  in  x  Between  Trials,  Axj 

Slope,  Ayj/Axj 

Next  Change  in  y  Should  Equal 
Minus  the  Error  in  y:  Ay  ■  -Ay^ 

Next  Change  in  Input  x: 

Ax  •  Ay/<  Ayj/Axj) 

Next  Input:  *  xj  ♦  Ax 


Table  B-2 


SCALAR  PROCEDURE  SAMPLE  PROBLEM 

Background 

A  third  party  approaches  the  Navy  offering  to  finance  the  coal-use  plant 
in  the  example  in  Table  A-l.  The  third  party  will  compute  its  annual 
lease  charge  to  the  Navy  uaing  the  financial  assumptions  of  that  example. 

Problem;  Determine  the  Navy  discount  rate  equivalent  to  the  financing 
costs  of  the  third  party. 

Approach :  Find  the  Navy  discount  rate  that  gives  identical  values  for 
the  following: 


o  The  present  value  of  the  total  capital  requirement  in  a 
Navy  financed /Navy  operated  venture  (from  Report  3) 

o  The  cumulative  preaent  value  of  lease  payments  in  a 
third  party  financed/Navy  operated  venture  (from 
Report  8) 


Method;  Calculate  the  ratio  of  the  total  capital  present  value  to  the 
cumulative  lease  present  value.  Find  by  successive  trials  the  discount 
rate  that  makes  the  ratio  equal  to  1.0. 


Starting  Data 

Trial  Number  i 

Trial  Input  x:  Units:  Z/yr 

Calculated  y:  Units:  Dimensionless 

Calculation  of  y 

Calculated  Navy  Present 
Values  from  Output: 


12  3 

10  9  9.733 

1.015  0.958  0.9998 


PV  of 

Investment:  Units:  $1000 

16227 

16852 

16391 

PV  of 

Lease:  Units: 

$1000 

15985 

17582 

16393 

Calculated  y  ■  Ratio 

(Dimensionless) 

1.015 

0.958 

0.9998 

WWW 


WTO 


v. v 
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Table  B-2  (Cont'd) 


Cuaawtation  Form  Calculationa 
Title  of  Computation 

of  Independent  Variable  x 
of  Dependent  Variable  y 
Target  Value  of  y 

Tabulation  of  Results  of  Successive  Triala 
Trial  Mueber  i 

Trial  Input  s{:  Units:  Z/yr 

Calculated  yj:  Units:  Dianna ionless 

Target  Value  of  y® 

Error  in  y  *  Ay*0  *  (y*  -  y°) 

Coagwitation  of  Mext  Trial  Value  of  x 

Correction  Muaber  j 

Change  in  y  Between  Trials,  Ayj 

Change  in  x  Between  Trials,  A>j 

Slope,  Ayj/Axj 

Mext  Change  in  y  Should  Equal 
Minus  the  Error  in  y:  Ay  -  -Ay^ 

Mext  Change  in  Input  x: 

Ax  ■  Ay/<  Ayj/Axj) 

Next  Input:  Xi+i  •  xj  ♦  Ax 


.0 
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Sanple  Scalar  Problem 


Navy  Discount  Bate 


Ratio  of  PV's:  Investment /Lease 


1.0 


1 

2 

3 

10 

9 

9.733 

1.0151 

0.9585 

0.9998 

1.0000 

1.0000 

1.0000 

0.0151 

-0.0415 

-0.0002 

1  2 

-0.0566  _ 

-1  _ 

0.0566  _ 


0.0415 

0.7333 

9.7333 


Table  B-3 

VECTOR  PROCEDURE  SAMPLE  PROBLEM 


Background 


The  Navy  seeks  a  third  party  to  finance  the  coal-use  plant  in  the  example 
in  Table  A-l.  The  Navy  ia  prepared  to  pay  commercial  financing  costs  if 
they  have  an  equivalent  Navy  diacount  rate  no  higher  than  10  percent. 

Problem:  Determine  how  much  higher  the  example  intereat  and  return  rates 
may  be  raised  to  give  an  equivalent  Navy  discount  rate  of  10  percent. 

Approach :  Find  the  amount  to  be  added  to  both  the  return  rate  and  the 
interest  rate  that  gives  identical  values  of  the  following: 

o  The  present  value  of  the  total  capital  requirement  in  a 
Navy  financed /Navy  operated  venture  when  the  Navy 
discount  rate  is  10  percent  (from  Report  3) 

o  The  cumulative  present  value  of  the  lease  payments  in  a 
third  party  financed/Navy  operated  venture,  when 
calculated  with  a  Navy  discount  rate  of  10  percent 
(from  Report  8) 

Method:  Calculate  the  ratio  of  the  total  capital  present  value  to  the 
cumulative  lease  present  value.  Find  by  successive  trials  the  amount 
added  to  both  interest  and  return  rates  to  make  the  ratio  equal  to  1.0. 

Use  as  x  the  weighted  cost  of  capital  formed  from  the  interest  and  return 
rates . 

Starting  Data 

Trial  Number  i  1234 

Trial  Input  x:  Units:  Z/yr  15.9  16.9  16.174  . 

Calculated  y:  Units:  Dimensionless  1.015  0.9559  0.9996 

Calculation  of  Input  x 

Interest  Units:  X/yr  18  19  18.274  ________ 

Return  Units:  X/yr  11  12  11.274  . 

x,  Weighted  Cost  of  Capital^  15.9  16.9  16.174  ______ 

(1)  When  a  given  amount  is  added  to  both  the  interest  and  the  return,  the 
weighted  cost  of  capital  also  increases  by  that  amount. 

B-ll 


table  B-3  (Cont'd) 


Calculation  of  y 

Calculated  Navy  Preaent 
Valuea  froa  Output  when 
Navy  Diacount  Rate  ia  lOZ/yr: 


PV  of  Inveatnent:  Unite:  $1000 

PV  of  Leaae:  Unite:  $1000 

Calculated  y  ■  Ratio  (Oiaenaionleaa) 

16227  16227 

15985  16905 

1.015  0.9599 

16227 

16234 

0.9996 

Cuaputation  Fora  Calculationa 

Title  of  Coaputation 

Saaple  Vector 

Problea 

Naae  of  Independent  Variable  a 

Weighted  Coat  of  Capital 

Naae  of  Dependent  Variable  y 

Ratio  of  PV'a: 

Invea taent / Leaae 

Target  Value  of  y 

1.0 

Tabulation  of  Reaulta  of  Succeaaive  Triala 

Trial  Nuaber  i 

1  2 

3 

4 

Trial  Input  xj:  Unite:  Z/yr 

15.90  16.90 

16.174 

Calculated  y^:  Unite:  Oiaenaionleaa 

1.0151  0.9599 

0.9996 

Target  Value  of  y° 

1.0000  1.0000 

1.0000 

Error  in  y  ■  Ayj®  *  (yj  -  y0) 

0.0151  -0.0401 

-0.0004 

Coaputation  of  Next  Trial  Value  of  x 

m 

Correction  Nuaber  j 

1  2 

3 

Change  in  y  Between  Triala,  Ay; 

-0.0552 

Change  in  x  Between  Triala,  Ax: 

♦1.0 

Slope,  Ayj/Axj 

Next  Change  in  y  Should  Equal 

Minua  the  Error  in  y :  A  y  »  -  Ay^ 

-0.0552 

♦0.0401 

Next  Change  in  Input  x: 

x  ■  y/(  Ayj/Axj) 

Next  Input:  X£+i  ■  x*  ♦  Ax 

-0.7262 

16.1738  _ 

B-12 


